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No. 5000 “SPEEDY” FEATURES: 


« LONG LIFE. ECONOMICAL, PRACTICAL 
* SPEEDY ON OR OFF 

* FITS ALL POPULAR PEAK-TYPE CAPS 
* NO HOLES IN CAP 

* NO HARDWARE ON CAP 

« CONTINUOUS HEAD PROTECTION 


« ADAPTS PRESENT HELMETS TO 
COMBINATIONS 


HIS INGENIOUSLY DESIGNED, yet simple 

to use, “SPEEDY” Attachment adapts the weld- 

ing helmet for use with a Safety Cap to provide 
both eye and head protection for the Welder when he 
works under conditions where there is danger of head 
injury from falling or flying objects. 


“SPEEDY” is economical both as to cost and in speed of 
attachment... or detachment! It represents very practi- 
cally FIBRE-METAL’s long experience and ability to 
provide the best possible products for protection that also 
help make the most profitable use of a man’s time, 


The No. 5000 “SPEEDY” Attachment consists of two 
rugged steel Clips with insulated prongs to grip the edge 
of the Safety Cap; a sturdy, replaceable Neoprene Strap 
connecting the Clips and providing tension over the top 
of the Cap. Friction joints hinge helmet on cap. Write for 
Bulletin No. 43. 


When buying any protective 
equipment...always ask for 
a FIBRE-METAL product! 


AM 
Effects “DOUBLE” Protg@ttiems 


= ran ae 
Hobeort ‘‘Powro- 
| matic” eliminates 
troublesome and 
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Write for bulletin 
DM 998 


POWROMATIC 400, 600, 900 amp. sizes 


ELECTRIC DRIVE WELDERS for produc- 
tion, maintenance and repair welding. 
200 to 60 0 amp. models 


GAS DRIVE WELDERS with 1, 3,0r 12 KW 
auxiliary power, 200-600 amp. models 


4G WELDER-AC POWER COMB. for emer 


gency welding or AC power for running 
tools 


essential equipment, motors 
etc. Air cooled, 200 amp., 5 KW power 
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,clectrodes 


Try the “ROCKET 24 ~ 
@ new contact type electrode 


The neatest package of wel rgy you 
ever saw. This 200 amp. Hobart “Husky Boy” 
air-cooled engine driven welder has plenty 
of copper (not skimped). Gives you rapid 


and strong welds at lower cost. Light but 


rugged and compact. Welds anywhere! 


Specially de ined to handle both gener« p and iside repair work, 
the Hus ky Boy is a real profit-maker. Ma coupon t lay for full details. 
Hobart BROTHERS CO., Box WJ-25, Troy, Ohio 
Phone 212 ne of the world’s largest builders of arc welders’”’ 
cece HOBART BROTHERS COMPANY, BOX WJ-25, TROY, OHIO 
Check here 
for Booklet ne 
Better Welds Welding. Send me Electrode Catalog Acce Ele 


Our work 
NAME POSITION 
FIRM 


' 
' 
' 
' 
ADDRESS 


i 

- 

4 

| 

| 

| 

3 

y 


gas 


A | Welding 
rods 


~> 
> 


<> READ ALL ABOUT IT! 


Write now for up-to-the-minute literature pertaining to any product 

in M & T's comprehensive line of Murex electrodes for arc welding—Rods and 
Wire for gas, submerged arc and inert arc! 

Specific new catalogs cover electrodes for mild steel and low alloy—coil wire 
for submerged arc welding, stainless steel electrodes and bare wire, aluminum 


and phosphor bronze electrodes and bare wire, aluminum electrodes and 


’ bare wire, electrodes for cast iron, gas rods, tungsten rods, etc. Each 
gives full yrmation, in« luding f ysicals, hemical analyses, 
qualifications, sizes and procedures as well as general engineering data 
| Make your welding operation easier by having helpful reference material at hand 
‘ 
An M & T representative or distributor will be glad to supply your needs 


METAL & THERM™MIT CORPORATION 
Samine mat 100 EAST 42nd STREET «© NEW YORK 17, N. Y. 


MUREX ELECTRODES + ARC WELDERS + ACCESSORIES 
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The Best Welding costs less when you use 


(xpect More... 


Get More from 


MALLORY 


STOCK ELECTRODES 
Hundreds 


are available in stock with 


ol ahiape sand sizes 


round water holes or the ex 
Mallory fluted cool 


ing hole for longer life between 


‘ lusive 


dressings save vou both cont 
and delivery time 


For information on titanium developments 
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Standard Electrodes 


MALLORY | 


EFORE YOU GO to the expense of ordering a special i 
B resistance welding clectrode or making up your a 
own. take a look at the extensive selection of Mallory 
standard types and sizes. You will probably find exactly 
the electrode that your particular application requires, 
Many of these types are available immediately from 
Mallory stock, at a cost substantially less than that of 
special design 
Phe more than two hundred standard Mallory electrodes a 
include a choice of many different tips... with round ; 
cooling hole or with the exclusive Mallory fluted hole that 
provide s greatly improved electrode life at no extra cost. 
You ean select from varied single-bent and double-bent 
designs, all cold-formed from standard straight tips to 
retain maximum hardness and strength... with fluted 
holes and bent-in-place cooling tubs % 
Your operating costs, too, are reduced by the long, efli- “ 
erent performance ou get with Viallory electrodes. 
Precision-made from pecial Mallory alloys, they result 
from more than 25 vears of research and development in 
the resistance welding field 
For expert assistance clectrode sclection, see your 
nearby Mallory distributer or write direct to Mallory. 
And for technical data on all standard and special elec- 
trodes and other welding materials, write for a copy of the ; 
latest Mallory Resistance Welding Catalog. ee 
*Patent No. 2,489,993 
In Canada, made and sold by Johnson Mauhey and Mallory, Ltd., Ee 
MALLORY &CO Irv 
R. MALLORY & © nc., INDIANAPOLIS 6, INDIANA 
ELECTRODE HOLDERS 
* The Mallory family of eles 
. trode holders covers pressures 
from under 100 to over 6000 
pounds straight, offset 
paddle type and universal 
models 
contact Maliory-Sharon Titanium Corp., Niles, Ohio : 
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Automatic Flame-Hardening hardens’ surface 


Boosts Production 


Lsing an automatic oxy-acetylene flame-hardening machine, a leading 
manulacturer of trucks and marine equipment increased the production of 
flame-hardened gears, bearings, and camshatts 300 per cent Parts are flame 
hardened on as many as 22 different surfaces in fast, simple operations 

The flame-hardening process produces wear-resistant surfaces on large and 
mall sections without heating the entire part . Distortion is at a Treinen, 
and case depth is easily and accurately controlled, Flame-hardening is fast and 
relatively simple compared with other methods of hardening metal such as 
nitriding ind carburizing Low comt portable flare hardening equipment Is 
available for the majority of applications 

Your local Linps representative will he glad to show you how to produ 
machine parts with a tough, ductile interior and a hard, wear-resistant surface 


Start saving now, call him for more information on flame-hardening 


LINDE AIR PRODUCTS COMPANY 
Trade-Mork 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [T]@ New York 17, N. Y 
Offices in Other Principal Cities 
in Canada: DOMINION OXYGEN COMPANY 
Division of Union Carbide Canada Limited, Toronto "Linde is a registered trade-mark of Union Carbide and Carbon Corpo 
THe WELDING JouR? 


at 


| 


WELDING 


N\UMBER 


Property 


ITEMS AND REPORTS 


right Road by J.G 
kva na 
1/-Mg-Mn A 0 

Welded 356 A 


| te | { Reductt \ / 
( ni We 
lron-Por / Boost Welding Rat 
PRACTICAL WELDER 
julo Shop. ! 1. Vael 
AND DESIGNER 
SOCIETY AND 
Lil 
/ Vo High-1 
} 
WELDING | : | 
RESEARCH 
j ( la 
ni 
Co rT ¢ f High-T 
Published for the advance- ~ " 


ment of the science and / 7 
welding by the 


fmerican Welding Society 


art of 


JOURNAL 


FEBRUARY 19s 5 


lerbert 


lb) Samuel 


Channon 
(hase 
ip. ¢ 
1. Cordom 


\ordmarh 


mapa and 


rawtord 
and 
i Nort 
& 
“ingl 
att 
A 
ta 
fit 


144 


105-6 


Editon The Clear St Vagrat 103 : 
The Macro Etch Syste of R e | by = : 
Son and rh 105 
112 
Vew Te hnique sin Inert-Gas-Shielded Metal-A hu ie. / 137 
quid O 142 
143 
nb ‘ita ju / |__| 
d 145 
146 
Pro / 176 | 
Ve Ven! 2 
Index to Ad 104 : 
65-s 
: 
Steels, by L. A. 
u Plate, hy | 
07-8 
112-1 
hit ipton 
4 Rut 
tat pies 
oe t la elding 
ta t ‘given 


Welder in a hole 
keeps road builder out of one 


Saves a contract and over #1,000 
with Ni-Rod “55” 


Above, you see a worm’s-eye-view of a 14-ton road grader. 

\ sheared-off bolt had shattered the heavy cast iron 
gear case. This threatened a road builder with months of 
downtime, New parts when he got them would cost 
over $1000, Contract penalties would cost him plenty 
more while he waited. 

Welding was the only alternative. But would it work? 
There were problems, all right. Oil seepage was one. 
Another was just getting af the job from underneath the 
grader. 

Welding did work! It worked because easy-handling 
NIL-ROD “55° electrodes produc ed sound, ductile de- 
posits (after one pass with a special mild steel electrode 
to seal the root of each crack and stop oil seepage). 

lhe welder worked overhead from a five-foot trench. 
Worked with a “skip” technique to prevent overheating. 
He used just 10 pounds of NI-ROD “55”, 1/8-inch and 
16-inch diameters. 

In 12 hours the road grader was back in service. The 


cost: only $20 for materials. 


Vow, alter nearly two years, the cast iron gear case 
welded with NI-ROD “55” is still in use... 
get sound, ductile welds in cast iron with NI-ROD “55”. 


rool you 


If you want more proof, send for the latest Inco booklet 
on NI-ROD “65”. and also on NLROD®. 1 hese booklets 
give you the actual facts on the success others have had 
in welding a wide variety of castings with these companion 
nickel and nickel-iron core electrodes. 


The booklets also tell you which of the two is generally 
preferred in different jobs ‘o-4 what 
advantages you'll discover. Write Inco for these valuable 
booklets today. 


how to use them... 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 
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THE 


WELDING 
JOURNAL THE CLEAR STRAIGHT ROAD 


The AMERICAN WeLbING Soctety adheres to the principles 
established in 1919 by its Founders, concisely summarized in its 


simple motto To advance the cience and the art of welding. 


Prope riv inte rpreted those word 1 ply that \W = is dedicated to 
furthering the use of welding by means classified as educational, 
technical, scientihie or professional In the thinking of responsible 
madustry nad the protessions t has proper! pre moted welding by 


Editor encouraging welding research, compiling valuable welding knowl 
B. E. Rossi edge, recording the experience of the world’s welding authorities, 
and disseminating such through its various publications, codes, 
Consulting Editor standard ind Section and National meeting ectures 

\Ws will always oppose undue restrictions on welding. 


[It must always seek ways and means to improve quality. But its 


W. Spraragen 


Assistant Editor, Production standing and the unalterable factors of safety will not permit its 
Catherine O'Leary taking short-cuts without first exploring the path for possible pit 
falls It can neve compromise on qualit It cannot subseribe 
to the premises that any or all steel materials used are good; that 
high inspection standards need not be maintained that inspection 
Officers of the Society of weld not necessar nor that any or all weld are good, 
AWS gives consideration to every pertinent viewpoint and 
J. H. Humberstone { 
suggestion It welcomes constructive uggestion It is as much 
J. J. Chyle aware of the essentiality of not being overrigid in specification and 
Ist Vice-P: d 
‘ code writing as it is of its objecti the unl al recognition that 
C. P. Sander 5 
2nd Vice-President welding | the logical means tor the joming ol metals similar or 
R. S. Daneid dissimilar in structure, and that structures be properly designed for 
recevrer 
J. G. Magrath welded assembly. 
a Pte Rules which guide——which indicate the safe proved direction 
J. Mooney ; 
Asst. Secretary accelerate the speed ol progre even asacieal properly engineered, 
S$. A Greenberg adequate I) posted highway ifely peeds the progre of transport, 
— For example. today all pressure ire welded Few other 
ypes of fabrication are as fortified with code und standards as is 
ty] fal t fort | standard i 
that specific field of application and construction Vessel fabri- 
District Directors cators know that by adhering to the rules they will produce a 
1 New Englond product which will not become a lhabilit) Purchasers know that 
H. Hugo Stahi 
2. Middle Pian in buvit ya product so constructed, they are a red alety, 
D. B. Howard When a better plan for securing better welding is presented, 
3. North Central 7 ' 
™ Ciena “on AWS wil upport it Meanwhile AWS is realistic in that it 
4 4. Southeast recommends regulations and cod vhich assure good welding. 
A. E. Pearson It provide to the best of its abilitv and finance training aids 
5. East Central 
J. H. Blankenbuehi for the qualification of welders and the education of inspectors and 
6 Si supervisol! that good welding and ile tructures mav be 
. Stitt 
7. West Central assured It opposes undue restrictions on welding AWS will 
A. F. Chouinard continue to travel the clear straight road 
8. Midwest 
H. Jackson 


9. Southwest 
J. B. Davis 
10. Western 
R. H. Smith 
11. Northwest 
Clarence M. Styer 


J. G, Magrath 
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THE MACRO ETCH SYSTEM OF EVALUATING 


QUALITY OF RESISTANCE WELDING 


Weld quality in multiple thickness 


combinations of stainless steel evaluated 


by correlating nuggel sizes and 


lensile-shear values gathered from 


production data 


BY D. O. SAMUELSON AND F. G. HARKINS 


Introduction 
During the past hiteen years, resistance velding ha 
gained the respect of most aireraft manufact 


as being an acceptable method of joining struetura 


members of air frame and engine components Much 


Fig. | Exterior view of engine nacelle 


data and many specifications have been published and 
are in daily use. Quality control procedures have 
evolved, and ideal or foolproot methods for analy Zllig 
resistance welds are constantly being sought 

The production part in the flying airplane is the best 
test of the results of the testing and precautions taken 
on the production floor and in the laboratories of the 
manutacturers 

Many structural parts, which are resistance welded 
are flying in almost every commercial and militar 
aircraft today 

Quality control procedures have long been a cor 
troversial subject in resistance welding The pur 
pose of any quality control procedure is to insure the 
production of parts to the minimum acceptable stand 
ard In aircraft fabrication, there are two basic re 
quirements The first i to produce sound, usable part 
according to the engineering drawing, and the second j 
to produce parts to the applicable specihcation lo 
the de ign and produc tion engineet the manufacture 
of usable parts 1s ol paramount importance vile 
the quality control personnel, the production of part 
to specification assumes the foremost position. Ol 


jectively, there is no real difference in the aims of these 


D. O. Samuelson and F. G. Harkins, Welding Engine nd Chief W 

Engineer respectively, are with the Solar A aft ‘ 

Presented at the AWS Thirty-Fifth National Fall Mee eld is - ; 

Nov. 1-5, 1954 Fig. 2. Internal view of engine nacelle 
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Table 1—Cost Analysis Table—Weld Coupon Usage 


Explanation January February 

"Teat strip 22% 129 R25 
Average No. of tests 6, 408 13,275 
Test/direct labor hours 2075 6 2466.7 
Teast Inspection labor hours 144143.4 1680 3 
Test/total hour 4480 0 1147 0 
Tot il labor coste $5. [OR 61 $6.179 03 
Total material costs 10,084 47 11,085 44 
Subtotal Cont $15,283 08 $18,164 47 

Scrap credit 1,256 06 1.492 99 
Toran Cost $14,027 02 $16,671.48 


Varch ipril V/ i 
140,775 150,875 
16,025 53,202 05,190 
2674.7 3037 6 126.3 
1821.6 2068 5 106 0 
1406.5 106.1 9122 
$6,609 49 $7,608 90 $13,592.2 
12,906 35 14,759 66 S66 22 
$10,605 $22 368 56 3.54, YOS 
1,618 91 1,838 56 280 
$18,076 93 $20 00 $36,672.10 


groups. Both groups are interested in the production 


of low-cost, usable, salable items. In view of the 
many certifications, qualifications and high cost of 
quality control procedures which are required by Air 


Force, Army and Navy, it is debatable that resistance 
welding is an economical method of joining materials 
\ major cost in any resistance welding program is that 
of the quality control system. The initial cost of the 
welding machine is high, but if this cost is amortized 
over the normal life of the equipment, the cost 


1s 


reasonably low. If the cost is calculated on the basis 
of the number of parts which may be produced on a 
machine, the equipment cost becomes infinitesimal 
The quality control procedure, however, is a never- 


ending expense 
Discussion 
Table 1 shows an analysis of some of the costs in- 
volved in the operation of the quality control pro- 
cedure in the San Diego plant of the Solar Aircraft Co 
It 


parent that the production schedules were increasing 


for the period January 1952 to May 1952 is ap- 


during this period. It will be seen that in May of 


1952 the direct labor cost at $1.49/hr for the operation 


of the control system was $13,592.23 Material cost 
was $26,366.22. Actual cost per test is ($36,672.10 


95,199) about $0.40. There are approximately 150 
qualified welding machines involved in this study. No 
tulministrative expenses or burden rates are reflected in 
these figures. Is this expenditure necessary? If the 


process control system prevents a failure of an airplane 
component in service, the cost of the system is probably 
If the the 


production of substandard parts there must be some- 


justified process control system allows 
thing fundamentally wrong with the system. 

Most existing resistance welding specifications are 
based on two thickness combinations with qualifications 
regarding maximum ratios of material thicknesses of 
two to one or three to one. Some of these specifications 
refer to multiple thickness joints with qualifying state 
“When 


material are joined by each spot weld in a production 


ments such as, than two sections olf 


more 
part, representative test specimens shall be welded in 
such a manner that the welds may be tested at both of 
the outer interfaces and at any other interfaces at which 
the production weld will be stressed,”’ or “The minimum 
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d 


Such spec nea 


nugget diameter shall apply separately to each we 
between each pair of adjacent sheets.”’ 
tions thereby restrict the minimum strengths or areas 
of individual welds in muitiple thickness joints, but it 
is readily seen that it would be unrealistic to place a 
maximum value on this type of joint. Therefore, all 
multiple thickness joints must be considered in respect 
to one structural section of the joint and the balance 


d 
size and strength value, providing the nugget shape is 


of the weld jomnt must be accepted regardless of the wel 


acceptable and the internal quality standards are met 
Thus, any multiple testing after the initial standard fora 
shape and 
ides 


all the necessary information to completely analyze the 


single joint is set seems useless. Nugget size 


internal quality, as examined by macroetch, pro 
joint for production acceptance. 
On this basis, Solar Aircraft Co., 


macroetch inspection system extensively as a produ 


San Diego uses the 
A 
tion inspection procedure rhis does not imply that 


tensile testing is not used in our plant. Standard 
procedures for qualification of machines and certifica 
tion of welding schedules are used in compliance with 
the MIL 6858 In 


single-spot specimens are welded and tensile tested at 


specification. production three 


the start of each shift. From this point on, production 
inspection procedure consists of macroetch tests at 
the start of each shift, or at the start of each job, upon 
of 


than one hour during the run, and at the completion of 


replacement of electrodes, at intervals not more 


each job 
Typical Application 

\ significant major component which lends itself to 
analysis of production procedures and on which much 
production data are available is the Lockheed P2\ 


Solar Aircraft Co 


produ tion 


manufactured by 


This 


for the past two years and much data have been com 


engine nacelle 


in San Diego unit has been in 


piled and tabulated. We have selected, for presenta 
tion in this paper, a portion of the multiple thickness 
data trom which conclusions can be drawn and trends 
appear evident 

Figure | is an external view of the assembly mounted 
The entire assembly is resist 
302 


on the shipping dolly 
ance welded and is primarily made up of Type 
stainless steel components in gages from 0.010 to 0.063 
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Portable welding equipment 


Fig. 4 


Production Data vs Laboratory Data 


\ll of the dat } hy ‘ y, 


gathered from 
ird product procedure rh ues recorded were 
taken by productior onnel on individual 
productio | he data presented are 
re repres« ‘ operating practice 

Phis proc ration trom pro 
luction data ere eve n analysis which 
he ft practice 

The most a 1) ved is the scatter 
ol i izes and tension 
hear cedure call out a 
pecific minim ze and tension shear 
ilue but do { sp mum value in either 
Cherefore practice the problem 

Lo ¢ eed these mt ill case Under 
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Fig. 5 Photomacrograph of spot weld in 0.016, 0.025-, 
0.025-in. thick sheets of type 302 stainless steel. XX 12 
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Fig. 6 Nugget diameter—tensile shear value graph; 
0.016-, 0.025-, 0.025-in. thick sheets of type 302 stainless 
steel 


Fig. 7 Photomacrograph of spot weld in 0.050-, 0.016-, 
0.025-, 0.032-in. thick sheets of type 302 stainless steel. 
x 12 


dition. The specification AN-QQ-S-757 to which the 
material is purchased establishes 150,000 psi minimum 
tensile strength; no maximum value is specified 
Tests in our laboratory have shown strengths of 
over 200,000) psi \s is generally recognized, the 
higher the tensile strength of the material, the greater 
will be the tension shear value. The nugget size may 
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remain the same. All specifications recognize this 


phenomenon 


Data Analysis 

The photomacrograph shown in Fig. 5 is 0.016-0.025 
0.025 Type 302. Note the weld symmetry and the ade 
quate penetration into the outer sheets 


The weld schedule for this joint is as follows: 


12 cycles weld time 

H00-lb force at the electrodes. 

RWMA Class III upper electrode with */s-in. face, 
6 in. radius 

RWMA Class IL lower electrode with °/,-in. face, 
12 in. radius 

Approximately 5100 amp current 


Figure 6 is a graphic representation of the previous 
photomacrograph. The top graph represents measure 
ments of the 0.016-0.025 combination. Sample size of 
20 tension shear value is 495 lb. Minimum recorded 
value is 780 lb. Nugget range is from 0.100 to 0.150 
The largest nugget diameters are not associated with 
the highest tension shear values for reasons noted pre 
viously. The lower graph in Fig. 6 represents the 
nugget sizes versus the tension shear values of the 
0.025-0.025 section of the joint 
shear value for “average of 20” 1s 895 lb. minimum re 


fequired tension 


corded value is 1280 lb. Maximum recorded value is 
2000 |b. Nugget range is 0.125-0.185in. Highest ten 
sion shear values are not associated with largest nugget 
diameters due to the extraneous factors noted previously 

Figure 7 is a photomacrograph of a four thickness 
pile up of 0.050-0.016-0.025-0.032 Type 302 stainless 
steel. Penetration, weld structure, and shape require 


ments have all been met 


Phe weld schedule for this joint is as follows 

14 cycles weld time 

1000-Ib force at the electrodes 

RWMA Class [I electrodes with 7/j\»-in. face, 8 in 
radius 


\pproximately 6000 amp current 


Figure 8 represents the results of data gathered from 
the production joint shown in Fig. 7 

An interesting fact which is shown on this chart lies 
in the tension shear value of the 0.016 specimen. Here 
the average value is 2192 lb as compared to 999 |b 
average shown in Fig. 6. Average nugget size is 
0.203 as compared to 0.128 on Fig. 6 Average nugget 
diameter for the 0.050-0.016 combination is 0.183 in 
for an average tension shear value of 2185. Minimum 
nugget diameter is 0.130in. Maximum nugget diameter 
is 0.225in. Tension shear range is 1900-2540 |b lhe 
possibility of a mathematical relationship between 
nugget diameter and tension shear value is clearly 
shown. The trend—-that for 0.016 material, tension 
shear strength is a function of nugget size—is also in 
dicated 

Figure 9 illustrates joints between a 0.012-0.020 
0.032-0.025 combination. Note the slight porosity 


in this weld sample. This porosity is well within any 


THE WELDING JOURNAL 


= = 
ne 
} f / 
Pal 
| 


: 


ne a 
4 
49 
ree 
- me 
+ 
j 
min 
any 


P Fig. 9 Photomacrograph of spot weld in 0.012-, 0.020- 


a 0.032-, 0.025-in. thick sheets 
] 
Fig. 8 Nugget diameter—tensile shear value graph; poem ACCEPTABLE VALUE 
0.050-, 0.016-, 0.025-, 0.032-in. thick sheets of type 302 me aa SAMPLE SIZE OF 20:34¢ 
stainless steel 1 
} 
separation show! on the imple eld but 1 not 
evident in the productior part due to weld spacing und ACCEPTABLE VALUE 
oF 655 
sf nee 
The weld schedule is as follow _ 
12 cycles weld time 
ROO-Ib forces nt t he electrode ACCEPTABLE VALUE 
RWMA Class [I] upper electrode with 
avi 
RW MLA (‘las I] lowe! electrode th i! RENGTH UE 


1:2 in. radius 


Approximately 5400 amp current Fig. 10 Nugget diameter—tensile shear value graph; 
0.012-, 0.020-, 0.032-, 0.025-in. thick sheets 


Figure 10 indicates the test results of the joint re pre 


sented by Fig. 9 The trend shown in Figs. 6 d & 
Is rep ited here lension shear Lilie ary tre 
range 900 to appro imately LIOO Phe standard 
wceptability for tl gage of mate lh » th 
from a utilization standpoint the joints are accept ‘ 
higure 11 show t producto omt in a O.025-0.052 
0.032-0.025 combination lypica hape, penetrat 


and quality standards are ¢ ident 
Che weld schedul as follo 
I? evel welding time 
9OO0-lb force at the electrodes 
RW MLA ( I] electrodes 


radi 


\ppro imately amp curre 


it gl iph in | iw. 12 re present the test result a the Fig 1] Photomacrograph ot spot weld in 0.025-, 0.032-, 
0.025-0.032-0.032-0.025 weld joint Variation ten 0.032-, 0.025-in. thick sheets. 12 


sion shear aiue } vide. but mn no ise Ose thi 
value approach the minimum acceptabl 14 elding time 

The weld shown in Fig. 13 is a 0.050-0.016-0.032 1000-Ib force at the electrode 
9.025-0.025 combination which how evidence I RWMA ¢ i I] ipper el wie vith ®/sin. face 
minute porosity within the specif ition and illust lf iZ in. rad 
the typical nugget shape, penetration and metallo RWMA Class IIL lower electrode with 7/-in. face, 
graphi characteristics radiu 

The weld schedule for this joint is as follow Approximately 6500 amp 
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Fig. 12 Nugget diameter—tensile shear value graph; 
0.025-, 0.032-, 0.032-, 0.025-in. thick sheets 
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Fig. 14. Nugget diameter—tensile shear value graph; 
0.050-, 0.016-, 0.032-in, thick sheets 
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Fig. 15 Nugget diameter—tensile shear value graph; 
0.032-, 0.025-, 0.025-in. thick sheets 


fo avoid using a smaller scale which would tend to 
distort visual interpretation of the data, Fig. 14 shows 
the results at the upper two interfaces of the joint in 
Fig. 13 
of Fig. 13. The same trend of the relationship bet ween 


Figure 15 illustrates the lower two interfaces 

nugget diameter and tension shear value is indicated 
Figure 16 illustrates a seven high pile-up which ts a 

production jomt of 0.040-0.036-0.025-0.052-0.032 

0.050-0.050. The same weld quality is observed 

The upper two thicknesses are prewelded and the 


subsequent assembly is welded as follows 


6-cyele pulsation weld with 3 pulses, 3 cycles Off time 

1200-lb force at the electrodes 

RWMA Class IT electrodes with in. face, 8 
radius 


\pproximately 12,000 amp current 


The relationship of the average of nugget diamete: 
to the average of tension shear values is tabulated 
fable 2. This tabulation definitely establishes the 
pattern Deviations from the pattern occur in two 
places, but observation of the tabulation allows ratio: 
alization of the deviation 

lo summarize the data contained in the charts: The 
material thicknesses which are shown are: 0.012-0.016 
0.020 -0.025-0.032-in 

In view of the fact that the data plotted on the chart 
were gathered from production applications unde! 
production conditions it is apparent that the law has 
heen established 

Welds on multiple pile-ups will usually show highe 
tension shear values than simple welds. ‘This is sub 
stantiated by the data on the charts and may be 
explained by 

The nugget sizes are usually larger in multiple 
thickness combinations 

2. Due to the increased stiffness of the multiple 
member, the tension shear test approaches a pure tension 
test 

Figure 17 shows the relationship between nugget 
diameter and tension shear value for all common gages 
of stainless steel whose ultimate tensile strength 
150,000 psi and higher 
AMERICAN Society Recommended Practices 
for Resistance Welding edition 


Study of this curve shows it to be formulated from 


Source of this data is the 


empirical data. The value of y approximates a para 
bolic function which, of course, could be putin the form 
oly ax? + br +e 


There is an excellent practical reason for the curve 


Fig. 13 Photomacrograph of spot weld in 0.050-, 0.016-, 
0.032-, 0.025-, 0.025-in. thick sheets. 9 
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Table 2—Summary Table of Nugget Diameter—Tensile Shear Value 


S Value 


f () 128 0.136 1305 


18 218 1531 () 1390 1531 
0 210 2700 162 1702 
2192 () 0.170 1707 
0.20 192 0.181 2240 
2052 


he electrode face: 7. the 


hHecoming paraboli mitatio rhe where net ) 
welding equipment According the thickne ol mate bye elded: and 0.1, the con- 
Welding Manual—1948 edition the optimum electrode stant expressed hye 
size can be calculated from the form id + (On very thin mater he diameter of the electrode 
could become mati tha Cle oc shape could not 
be mamtained in productio it) accepted procedure, 


therefore to wml electrode diameter to not less than 


Similarly, the curve levels off at the upper end of the 


ale the reason that ectrode forces which ure 


dare elding machines are not 


availiable trom 


suffimently high to maintau he required unit force 


level (psi) for nugget diameters larger than approxi 


mately 0.35 in 


For these reasor a strict mathematical interpreta- 


tion of this curve ot recommended 
does indicate a relationship bet ween nugget 


Phe curve 


i *. diameter and tension shear value \s nugget diameters 
* increase, tension sheat ilues increase in the same 


manner 


Summary and Conclusions 


Krom the foregoing discu on the following conclu- 


Sion Cnn he al 
| Process control procedures for resistance welding 


nd a need for an effeetive non 


are costly to maini 


de tructive low ost eontro yatem 18 essential to 


Fig. 16 Photomacrograph of spot weld in 0.040-, 0.036-, 
0.025-, 0.032-, 0.032-, 0.050-, 0.050-in. thick sheets. X9 further adva 


Z ixisting specifications for resistance welding are 


diversified and should be consolidated and simplified 


; Macroetch examination of elds in stainless steel 


is an approach to the problem and is one satisfactory 


0 procedure which 1s less 


production quatit cont 


costly to maint 
The ving conclusions become evident in the use of 


| | Under production conditions it is not possible to 
predict with precise cura he tension shear value 
from caretul me urement of hugget diameter 


; Pension shear values of spot welds will be signi 


ficantly highes multiple pile-ups than in simple 


fied nugget range the 


tension shear value « clow the “average of 


} len rhe ire related to nugget 


diameter he larger th yyet diameter the greater 

Will be the tet hear though extraneous 

rent factor ich mate | ength, grain size and 
Fig. 17 Nugget size vs. tensile shear value graph ductility fluence this re miship 
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Tungsten arc welding of gasoline trailer tanks at Beall Pipe and Tank Corp., Portland, Ore. Tanks fabricated of 5086 (K1 86) 
alloy using 5056 (56S) filler wire 


PROPERTIES OF WELDS 
IN AL-MG-MN ALLOYS 5083 AND 5086 


Paper presents data on the mechanical, physical and welded properties 
of alloys 5083 and 5086 as compared to 2024, 5052 and 6061 alloys. 
Data includes tensile properties, hardness surveys, bend lests, radiographs 


and metallographic examination of typical specimens 


BY L. A. COOK, S&S. L. CHANNON AND A.R. HARD 


SYNOPSIS. This paper presents data on the mechanical and by similar data to 2024 (248), 5052 (528) and 6061 (615) alloys 
physical properties and weld characteristics of the two new alumi- These two new materials 5083 and 5086 are work-hardening 
num alloys 5083 (LIKIS83) and 5086 (K186)* and compares them aluminum-magnesium-manganese alloys which have high strengt) 


in the annealed condition, possess good formability and excellent 


resistance to general and stress corrosion Inert-gas are welds 


Kan gy - mene h in sheet and plate of these alloys exhibit ultimate tensile strengths 
iminum ¢ Co » Research etallur 
gist, Physical Metallurgy Section, Department of Metallurgical Researe! of 42,500 psi for 5083 alloy and 38,700 psi for 5086 alloy with joint 


Kaiser Aluminum & Chemical Cort and A. R. Hard i# Associate Researct 


Engineer, Washington State Seothimte of Fechacieny, Division of ladustrial efficiencies varying from 80 to 100% depending on the original 


Research temper of the base plate. Data on inert-gas are welds are pre 

preoenees ay hirty-Filth AWS National Fall Meeting held in Chieago sented for each alloy in various tempers and for gages ranging 
* To avoid confusion, the old designation and the new designation for from , to */, in. thick Data presented include tensile proper 

aluminum alloys as established by the Aluminum Asen. are both used in this 

paper ties and hardness surveys. Results of radiographic and metallo- 
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* 
grapl MNAtO led. A he effect the magnesium alloys are realized by alloying and work 
hye ling } ‘ ‘ hardening rather tha by hen treatment kor many 
vear the aluminum-magnesium 1052 (5258) has 
ing ‘ a sig tes 
oint g yl 2 OOM been satisfactorily welded ellent performance 
5083 we ee has been obtained lloweve he tensile strength of 
oint gtl y (924-1 weldments of 5052 (contal \ig) is relatively 
1M nu low whe ompared higher (4 
magnesium conte! 
tempe rhe use of heat-treatal for welded applies 
tions is frequent mited be e of the difficulty or 
Introduction impossibility of ect o the ded a sembly to the 
The potentialities of aluminum a onstructiot heat-treating operatio hove though a heat-treated 
materia utilizing improved velding proce ( I ( high strength base plate used, the ten ile strength of 
become videly recognized Ven the structure maition is limited to 
sequel tly ai need for new alloy th highs the stret yth ol the eid meta ind heat affected 
strength than existing alloy the as-welded in Which the prope ipproach those of annealed 
tion has become ipparent Ihe i m Im-magiie parent meta i in-magnesium alloys 
manganese alloys offered attractive pr ti high strengtl t! ealed condition and 
irtue of their light weight. excellent corrosion charac are readily jomed by ert- re velding and re 
teristi and high yth in the ed il a iIstanee veld th iM | is welded joints 
worked conditions In contrast th 60601 COIS | in these allo ure narked iperior furthermore, 
2024 (248) the excellent properties of the aluminum the mechanical properties of the weld metal itself using 
Table 1|—Chemical Composition of 5083 and 5086 
Sy ol inalyaia of leat 
Eleme Va “a Vir material 
[ror 40 0 25 0 50 02 
Copper 010 Prace 0.10 
Vianganese 50 1 oo 20 70 Oo 4s 
( hromium 0 2 O5 2 “14 
Zire 02 OO 2h 0 OO 
litanium 0 0 O8 0 00 
C)ther 
0 O05 
Total 0 15 
Table 2—Tensile Properties of 5083 and 5086 Sheet and Plate Used in Welding Tests 
leated nal d / fin lor lirection 
Thickne Klor Elongation 
Tempe T'S, p YS,* p ain n Temp / p ) pat Yin 2 in 
0 020 15, 200 (0, 800 12 7 16, 500 17 000 90 
0 030 H32t 16,600 500 20 1), 800 9 0 
0 040 H32 300 12. 0 SOU 16, 700 9.7 
O64 5 10.700 15.2 Hii2t 17 000 10.800 0 
0 064 10 500 200 12.5 17,000 500 11 5 
0 064 Hat 19,400 11,500 11 0 15,000 000 11.5 
0 O91 H32t 165, 900 32,400 16.7 His4 18. 600 12.2 
0 125 Hii2 12 7 
125 Hilst 14,500 28 , 600 17 0 15, 500 4,400 12.0 
0 125 H32t 18, 000 17 140 
Q 250 0 12.500 14, 23.4 700 An) 
0. 250 Hii2 14,700 10, 500 
0.250 Hits 3, 300 GOO 16.5 
0 250 100 400 0 
0. 250 Het 800 11,600 i2.7 
0 500 15, 100 $2,100 18 5 Hii2 13,000 22 , 800 22.5 
0 500 17,300 800 1k O 
0 650 H32t 4.500 17.0 
0 750 15,900 1, 000 177 Hii2 3,400 20 , O00 23.0 
0 O64 Of 17 23.600 21.0 1) 14 600 240 
0 O64 Hi2* 56. GOO 3. 200 64 Hi2t 400 10.300 49 0 
0 064 Hi4t 62,800 300 » 2 10, 000 15, 000 6 2 
0 064 Hi6t 65,000 60, 600 15 O00 19.700 7.0 
* At 0.2% offset 
t Laboratory material These tempers are t current tilable commerciall Temper designat gned to laboratory 
material are merely for the purposes of identificatron and d necessarily represent typical propert 7 ‘ tempers 
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the parent aluminum-magnesium-manganese alloy for 
filler metal are similar to those of the annealed parent 
material 

A considerable amount of research has been conducted 
on the aluminum-magnesium-manganese type alloys 
ind ‘ eral 


and 


alloys are being suc 


and 5086 (K186) were selected to meet the needs of the 


expanding aluminum market 


Properties of Plate Materials 5083 and 5086 
The chemical analyses of these alloys are given 
Table | Alloy 5086 is a moderately high-strength 


alloy with good formability and excellent resistance to 


cessfully used In France, the alloys AG3, AGS and general and stress corrosion even in severe mariné 
\(,7 containing 4 ) and 7‘ © Magnesium, respecti ely environments It 1s produced nm sheet pl ite and « 
ere extensively employed Ino marine, transportation and truded forms in a wide variety of te mpers The com 


construction applications. In Germany, the aluminum 


alloys, Peraluman 3a, 5 and 


/ containing 3, 5 and 7%) magnesium with up to 0.8° 
manganese, are being used in similar applications 
The British counterparts of these alloys are known as 
N5, N6 and NP5/6, and they are especially favored 
for shipbuilding purposes. Several examples of the 
pplication of these alloys may be found in the litera 
ture 

Interest in the aluminum-magnesium alloys was re 
ived in the United States when satisfactory tech 
On the 


basis of Muropean experience, several compositions of 


niques for welding these alloys were developed 


alloys were selected 


panion alloy 5083 has a higher strength but slight!) 
lower formability than 5086 and also has excellent re 
sistance to general and stress corrosion. It is presently 
produced only in plate or extruded forms in selected 
tempers. The tensile strengths of these alloys in the 
annealed condition are appreciably higher than that of 
5052 and more than twice that of 6061 

These alloys consist essentially of a solid solution of 
magnesium in aluminum with small amounts of in 
soluble phases dispersed throughout the matrix \ 
the magnesium content is increased, the tensile strength 
also increases and the ductility is slightly reduced 
The addition of manganese further improves the ten 


sile strength but not without some sacrifice in ductility 


for extensive study by the Department of Metallurg The fabrication problems also become increasing! 


cal Research at Kaiser Aluminum & Chemical Corp difficult as the magnesium and manganese contents 


‘ 
, From this study, two alloys known as 5083 (LIK183) are increased, Both alloys are inherently fine-grained 
Table 3—-Comparative Mechanical ard Physical Properties of Aluminum Alloys 5083, 5086, 5052, 6061 and 2024 
Property Temper S086 Temper A061 
Ultimate tensile strength, psi 0 14,000 $8 O00 28 , 000 0 18,000 27 ,000 
Hit2 14,000 30,000 TS 70,000 
Hiis 16,000 T4 35,000 68,000 
50,000 17,000 38 , 000 15,000 
55,000 53,000 10,000 
Yield tensile strength, psi 0 22,000 17,000 13,000 0 8 000 11,000 
Hii2 26. 000 19,000 T3 50,000 
Hits 000 T4 21.000 17.000 
Hs 11 O00 17 21,000 T6 10,000 
14,000 O00 35,000 
Ilongation, % in 2 in 0 21 22 25 0 25 20 
14 rs Is 
16 T4 22 20) 
10 T6 12 
HS6 12 
Ultimate shearing strength, pst 0 25.000 23,000 18,000 0 12,000 18.000 
27,000 21,000 rs 11.000 
Hae 23,000 24,000 11,000 
Tb 30,000 
Ultimate bearing strength, psi 0 O00 70,000 61,000 T3 120,000 
07 78,000 73,000 
‘ Modulus of elasticity in tension & 10%, psi m3 18 10 2 10 10 6 
endurance limit, psi for 500 10° eveles 0 17,000 0 000 13,000 
16,000 18,000 r3 2). 000 
Hise 19,000 T4 14.000 20 000 
Hille 22,000 T6 14,000 
bleetrieal conductivity at 20° C (% LACS equal vol 0 28 4 31.32 35 0 i 0 
28.4) 32 rs 0 
T4, T6 
blectrical resistivity at 20° C (microhm-em 0 5.79 5 42 0 8 4 
5 40 i” rs 5.7 
4, T6 13 
Thermal conductivity at 25° C, eal/em*/em/°? C /sec 0 0 275 0 30 0 33 0 0 41 0 45 
0 20 
T4, T6 0 37 
114 Cook, et al.-Aluminum Alloy Welds THe WeLpiInGc JOURNAL 
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Fig ] Bar graph illustrating comparative mechanical 


properties of five aluminum alloys including 5083 and 
5086 in a range of tempers 
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Inert-Gas Metal-Arc and Tungsten-Arc Welds 


\ il eld vere made on plates X j tiv 


Table 4. Welding Procedures Used in Tungsten Arc 


Join 
No 
Curr ) 
Arc 
Rat ing, i 
tung 
The 
Inert-g t 
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Arc Weld Test Results 
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nd Inert-Gas Metal-Arc Welding of 5083 


num tlloy Weld 


velding and held 


er-cooled, copper backing bat 
the flat position with no pre- 
e plate Welds in '/y- and 
peace vith the inert-gas tungsten 
he the heavier gages 


meta il velding process 


and Discussion 


Ip we radiographi 
ds were obtained 

oned for further 

esentative welded 


pieal sections are 


1 4 trate the sound 
ilso show the 
ile specimen 


metal-are weld 

O83-H 113 iterial which frae 
the parent metal 
the beads ma 

ir angle type ol 
Figure 4 is a 
O86-H112 plate 

ce along the fusion 
his program trac 
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would result 
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metal is affected 
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Table 5——-Chermical Analysis of Weld Metal Samples from Typical Welds and of Filler Wire Used in Making the Joints 


iMloy and gage of base plate Filler wire alloy Vy 
5.17 
5 00 
Wa 
Inert-gas metal-are, consumable electrode 
5OKS 1 
mn 48 
144 
in 1.49 
Tungsten ar 
SONG 1 OS 
in 1 5! 


tnalysia of filler wire 
Vn ('r Ke ( 


tnalysia of weld metal 


Vi ('y Si ke ( 

70 0 16 0 23 0 O4 
0 70 12 22 0 
64 0 12 0 20 O2 
0 46 0 OS 0 20 O02 
0 31 011 Ol 0 22 0 02 


Standard transverse tensile specimens were prepared 
from the welded plates. These were machined and 
tested in accordance with the specification im the 
Wetoing Hanpsook, Third Edition, 1950, Fig. 12, page 
1453. Ultimate tensile strength, yield strength and 
elongation were recorded using a 2-in. extensometer 
and gage length These data are shown te Tables 6, 
7 and 


tests 


Each of these figures shown is an average of 
While the significance of the yield strength 
and elongation measurements across this heterogeneous 
zone is questionable, they were recorded primarily for 
comparison with the data obtained from the substand- 
ard tensile bars discussed later on. It may be possible 
to use these figures in a comparative way in relation 
to other alloys welded under similar conditions. The 
measured yield strength across a weld is a joint function 
of gage length used and cross section of the specimen 
This makes it even more difficult to compare yield 
‘trengths of welded specimens 

The properties of the weld test samples do not appear 
to be affected either by original temper or gage since ho 
trend can be observed from these data. The high 
strengths and joint efficiencies recorded here can be 


produced consistently by the inert-gas metal-are welding 


process, The data shown in Table 8 indicate that the 
yield strength of the base plate can be materially 
improved by stretching. However, the properties of 
as-welded joints made in these plates are independent 
of the original condition of the base plate hese 
welds in 5O083-H113 in. plate were made in two 
passes with no root opening or back-chipping between 


\ high degree of weld soundness was produced 


Passes 


Fig.3 Macro section of a tensile fractured inert-gas metal- 
arc test sample made in 5083-H113 alloy '/, in. thick. 
Tensile fracture with beads removed occurred in the weld 
metal 


Fig. 2 Macro section of a tensile fractured inert-gas metal- 
arc test sample made in 5083 alloy '/, in. thick. Tensile 
fracture with beads in place occurred in heat-affected zone 
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Fig. 4 Macro section of weld in 5086-H1 12 
Tensile fracture with beads in place occurred along the 
fusion line between weld metal and base piate 


plate. 
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12 0 12 0 10 0) 22 0 02 
0 74 0 12 0 10 0 20 0 02 
* 
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Table 6—Mechanical Properties of Tungsten Arc Welded Joints in Aluminum Alloys 5086 and 5083 


ier Yield lo 
{ em pe na th.* eff 
age p j ’ on of fracture 
I h beads 
5086. 2 ios S4 pointe 
10.200 91 500 4 t plate 
O86. 10. O00 29 11.5 a5 4 te 
S086. n TIN) 14 t plate 
h beads mach 1 off 
ORG. elt 34.700 14 x4 \\ 
Tested with beads it place 
5083, it 12. 600 26.300 | t plate 
5083, H32 sil 44,100 700 7.8 Pare late and fusion line 
5083. H113 10, 900 3. 100 a8 9 Pa late and fusion line 
5083, H32 $2,100 1), GOO 87.9 t plate and fusion Wine 
te “wis machined ff 
5083, H32 iti 10,600 14, 6.2 | Weld il 
in 11. 600 91 O00 12.3 93.5 ive 
5083, H32 . in 11.600 20.400 10.5 R67 | line weld metal 
* At 0.2% offset 
and samples fractured in the heat-alfected zone vith and 6 Figure » SI the type ol fracture obtained 
ultimate tensile streng eraging 42,000 psi vhen beads are left o d when they are removed 
\ comparison ol mechar i properti ol Figure 6 show i typica veld ture in gh plate 
welded joints in various aluminum oys is shown In welded in 2 passe Chis figure o shows the appear- 
Table 9 Chis clearly trate tl uperior strength ince of the ample berore mact yior test 
of as-welded joint 9083 and 5086 as compared to In order to explore more f he nature of the heat 
the strength of joints in 6061 and 5052 Che strength affected zone of weld 1083 and SOSG6. a series of sub 
of as-welded joint more than 40°), gt tandard tensile bars ind '/, in, diam 
than those in 6061 vever, where po eld heat WeL_pDING HANpDBOO! 1446, Fig. 3, e-5) were 
treatment is possible 6061 and po I 2024 offer me taken at regular iterval ith sides of the weld 
advantage Che longitudinal axis of the unples was parallel 
Typical tensile ire illustrated in Fig to the weld bead The data btaimed are presented 


Table 7—Mechanical Properties of Inert-Gas Metal-Arc Welded Joints in Aluminum Alloys 5086 and 5083 


ler ‘ } Joint 
1/loy, temper and ga p p n fracture 
eads in pla ‘ 

9086, 0 iD 0.300 100) 15.4 100 ne 
5086, <u 200 4 400 14.0 | 
5086, 17 600 0,700 3 78 | ine, weld metal 
i! 71 100 4 i” ine 
5086. H112 200 21,000 11.4 91.2 
5086, in OOO SOO 12.0 R25 
11 000 1) SOO 16.7 O04 5 } plate 

508. 0 12 5 6 
5086. O00 I2 9 | metal 
j 11 UM) 5 5 j 
5086, in 4.400 700 168 i metal 

if is in place 

5ORS, O in 100 1) 400 2 ru pal plate 
5083, it 15,300 "100 | t 
SOS Hits 10.600 12 5 } j 
5083, 0 650 in 11,000 1,700 12.3 
5083, in 12,800 21,100 hu 

Tested wit Is machined off 
5ORS, O , in 10,600 20, 100 1b 3 05 5 
5083, H113 in 11,900 22,400 Weld met 
5083, in 200 19,700 13.6 87 Weld 
5083, H32, 0 650 in 1, 900 19,700 16.4 late! bu 1 metal 
5083, it 11,700 20,300 7 0 1 Wi 
* At 2% offset 
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Table 8—Mechanical Properties of */,-In. 5083-H113 Plate and of Welded Specimens Made in the Plate After Various 
Amounts of Stretching (Welds Made with 5056 Wire ' In. Diameter) 


Tensile strength, pai Yield strength, pai* Elongation % in 2 ir 
Stretch, Y Weld Base plate Weld Base plat Weld Base pla 
0 12,700 15,400 20. 400 25.700 29 5 
11,400 15,200 20,700 20 300 12 21 2 
2.5 11,800 15, 500 20,100 10,000 12 3 %) 2 
6 12, 200) 15,600 21.400 3,500 19 2 
1% 12,800 700 21,400 OOO 40 19 0 
a9 11, 400 17,400 20), 800 12 8 i70 
Avg for all welds 12,000 20, 600) 3 0 


* At 0.2% offaet 


Table 9—-Comparison of Typical Mechanical Properties of Welds in Aluminum Alloys 5083, 5086, 6061, 5052 and 2024 


Tenaile k 

i/loy and trength strength, lion 

lem per killer wire (‘ondition* pal ps 
HELIS JOSS or W 12,500 22 000) 12 0 
or 5056 4. W 30800 21,000 12.5 
5062, 1043, 5052, 5056 W 28 000) 14,000 15 0 
6061, TH A.W 000 21,000 5 
TH 5ORS 4. W $2,500 21,000 
2024, TS 2024 4. W 10,000 20,000 io 
2024, TS 2014, 2017, 2024 Hl 4. 000 15,000 


welded HT solution heat treated and wed after welding 
At 0.2% offwet 


Fig. 5 Fractured tensile specimens of welds in 5083-H113 ' ,-in. plate showing fracture in the annealed zone when beads 
are left on and fracture in the weld metal when beads are removed before testing 


in Table 10. Kach figure in this table is the average Fig. 6 Typical tensile specimens of welds made in 5083 
; of five tests. The spread in the data on individual H113 * yin. plate using 2 passes square butt joint. Bot 
tom shows weld before machining and top shows fractured 
samples. Note good penetration and fracture in annealed 
zone 


tests within a group was remarkably small, in 
dicating good correlation, The first centerline value 
in each case gives the properties of the weld metal it 
self. It is particularly interesting to note the excellent 
elongation obtained on these samples, In no case did 
the elongation decrease to a value near that obtained 
on most standard transverse tensile specimens Phus 
each zone, weld metal included, is far more ductile thar 


is suggested by the elongation in 2 in., of standard trans 


IIS 


: 
2 
Be 
7 f 


Table 10—Table Showing Variation in Mechanical Properties of Metal in the Area of Inert-Gas Metal-Arc Welds in 5083 


and 5086 Using 5083 Filler Wire 
H H j OS86-H34 
t . VS, Elongation 
172 11.270! 4001 2.8 2 int 10, 235 15.3 
140] HOOT | 411. R275 2 OO 22.050 27.0 
820K 1] m0 14 r 22. 3450 25.0 
R50 140K 10 13,29 0 ) 10, 250 44,025 22.5 
O20K 27 620K 1) AR 0 j 0.475 O50 20.0 
19 O60R 180R Ok 14,62 OO 12.0 14 0 { 2 $3,225 22.5 
17 460R rh 5.0 4 0 13.67 225 250 Ik 0 
19. 440R HOR ik 500 13 13. 825 ) 0 36,467 18.7 
17. 860R 0.980R 16.62 ) 10.5 3,82 36,050 22 0) 
1 16.870] 7701 5l 
17 , 620K 400K Ol 
9, 750R 8 Ol 
* At 0.2% off 
mple t < ft np of weld bead 
TH 
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Fig.7 Variation of mechanical properties in the weld area 
as measured by substandard tensile bars and Rockwell 
5083-H113 


hardness. 


Samples t 


aken 


welded with 5083 filler wire 


FEBRUARY 


1955 


from 


0.250-in 


DISTANCE FROM CENTER LINE OF WELD, INCHES 


Fig. 8 Variation of mechanical properties in the weld area 
as bars and Rockwell 
hardness. ),.250-in. 5083-H32 welded 


with 5083 filler wire 


measured by substandard tensile 


Samples taken from 


{lloy Weld 119 


4 
; 
Cook, et a 


verse tensile specimen 

The data of Table 10 are plotted in Figs. 7, 8, 9 
and 10 showing, on the same graph, the variation of 
mechanical properties (tensile strength, yield strength 
elongation and hardness) across the weld and heat 
affected zone secause of the method used in cutting 
samples, every other point on the curve is cut from the 
same plate so that two welded samples were necessary 
for each curve. ‘The curves shown, therefore, represent 
the mean value for the properties of both welded sam 
ples. The sharp change in metallurgical structure from 
cast metal through annealed base plate to full base plate 
femper constitutes a me tallurgical notch This notch 
is not so severe for welds in 5O83-H113 or 5086-H112 
as it is for welds in alloys such as 6061-T6, although it 
extends the same distance out from the weld. The 
hardness curves shown give a good indication of the 
extent and magnitude of this heat-affected zone for each 
of the alloys 

To further illustrate how the yielding and stretching 
are confined to the most completely annealed areas, 
4 series of stress-strain curves obtained from the sub- 
standard tensile bars is shown in Fig. 11. [tis apparent 


from these curves why the recorded elongation on 2 in 


= 50 TENSILE STRENGTH 
46 
Bo 4 
5 38} SAMPLE NO 198 
a 34} SAMPLE NO 196 
z ° 
w 
| 
36 YIELD STRENGTH 
=x 
32 }- 
26 
24} 
20 }- SAMPLE NO 
wk SAMPLE NO 196 
T 
z 26 | « * ELONGATION 
2 SAMPLE NO. 198 
SAMPLE NO. 196 
oz 
z 
4 HARONESS 
—4 76} . 
72 
23 
Be os} 
WELD 
' 
HEAT AFFECTED ZONE 


2420 16 120804 0 04086 i2 162024 
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Fig. 9 Variation of mechanical properties in the weld area 
as measured by substandard tensile bars and Rockwell 
hardness. Samples taken from 0.250-in. 5086-H112 
welded with 5083 filler wire 
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26100 PS. 
MEASURED 


YIELD STRENGTH 


18500, 
W 


344 516".688" |.032" 


LOCATION OF TEST SPECIMEN FROM WELD @ 


STRAIN-—~ 
(1 UNIT = .002") 


Fig. || Stress-strain curves of substandard tensile bars 
taken at various locations in the weld heat-affected zone. 
The horizontal lines indicate the yield strength with beads in 
place (26,000 psi) and with beads removed (22,000 psi) 
measured on standard transverse tensile specimens. The 
dot on each curve represents the yield strength of the 
substandard specimens 
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Fig. 10 Variation of mechanical properties in the weld 
area as measured by substandard tensile bars and Rock- 
well hardness. Samples taken from 0.250-in. 5086-H34 
welded with 5083 filler wire 
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Fig. 12 Sketch and table showing dimensions and methods 
of selection of spot-welded test specimens 


standard test specimen give e inpre 
It is also obvious t! t the vield stre gth of the anne ed 
material should be used lesigning welded structure 
since the yield strength recorded i transverse t ( 
test is higher than the yield rength ob the healed 
zone 


Whe welded priate ure ubjected to stre ‘ perpel 


dicular to the weld bead pract uth thie ( lig 
and train occu! withu i! Prom thie veld me 
This distance will vary somewhat th the gage 

plate and details of the welding procedure. The met 
lurgical notch in the weld heat-affeeted zone yr 
severe n material that ha i high ength re 

its strength in the nnealed conditior che 
vhere th notch eritien if pivantageou ne 


5O083-H113 or 5086-H112 


Spot Welds in Aluminum Alloys 5083 and 5086 


Phe pr neipal phy eal difference between the 0 
aluminum alloy O83 and JSOSG and other alun mm 
allovs their relatively high engtl he j 
nealed condition. To properly evaluate this fac 
connection with the spot elding pi is 
to produce hich failed ( mn the parent 
metal rather than | hearmg of the eld 

Four specimen typ ere used tI ve 

| Single-row pare ! inh ny 

Single ela peace al 


widths 


1955 


3 Double-row panels \ ! arious spacings 
landem-spot ol Various controlled 
widths 
Phe single-row panel specimen represents a typical 
production jormnt Strength o given spot weld is 


influenced by its proximity to previously completed 


elds since welding current 0 y shunting through 


of strength is commonly 
referred to as shunt lo 

he single-spot specium the most commonly used 
laboratory and shop set-up specimen. It is typical of 
the first weld production pane nae 
Need An evaluatic of shut oss can be made by 
comparing iIngle-spot 0 olled vidth specimens 
with representative panel specim Phe strength of a 
h the specimen width 
\s the test load ipplied, thi pieces comprising the 
pecumen attempt to OMUNON This 
cues bending the he veld and 
ubsected to ripple hear but a combination of 
hear and tensiot Wit ct pecimens, the 
mount of bending cecrens higher weld strength 


result me bending eff present in panel 


Phe double-row 1 pour of interest because 
of the high strength that leveloped. Shunting 
between rows can be minimized | ising a relatively 
vide distance of Crawford and Pease! 

is Used as el y the distance between 
ro 

Che tandem-s} ontrolled width is com 
parable to the two-ro pecimen except that 
shunting minimized I 1 be physically possible 
to compensate for shunting pot-welded joints by in 
creasing the welding curr \t present we do not 
have enough exper:mmenta lata to do this properly, 
but the single- and 1 lem-sp trolled-width speci- 


mens do ul Lian « he jount trength that 


might be realized | I tf compensation 
Procedures 

Dimensiol ol the nens are shown in 
12 the elt hiv. 12 single- and 
double-spot) cont | alt} ‘ unples are shown 

thatable of du ‘ he upper sketch and table 
the lower he method of selec 
zw ool pate elded specimens The 
number of elds for eact 1 ombination ts 
hown for ngle-ro rian bor double-row panels 
the number of weld ce th hown for single-row 
eld is deo Paylor-Winfield 
HWRD-36 RA condenser discharge spot-welding ma 
chine Vachine ope Ol ecorded by means ol a 
Brush two-eleme Oru ining a portion ol the 
upper electrode a tit ul | Control of the 
oscillograph " erco ed nh the welding ma 
chine cireutt © that an oseillo 
gram of proper length could btamed on each weld 


| 
i 
without attention from the operator 
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Securate and uniform spacing of welds in the panel 
specimens wae 


table 


insured by use of a non-magnetic indexing 
attached to the lowe r arip of the welding machine 


Specimens of controlled width were welded in phenolic 

jigs which fixed the lap, alignment and weld location 
Prior to welding, the specimens were degreased by a 

170° 


This was followed 


10-min unmer followed by a 


ion in Oakite 63 at 
S-min rinse in cold running water 
by a 6-min immersion in a chromic acid type etching 
olution at room temperature and a second 5-min rinse 
in cold running water. The specimens were dried in a 
the 


Inclusion of the etch 


warm air blast. Immediately prior to welding 


parts were rotary wire brushed 
ing treatment was found to speed up the wire brushing 
In this investigation no attempt was made to develop 
optimum chemical cleaning procedures 

Machine settings used for the various tempers and 


‘| able 11 h 


selecting a standard 


alloys are given in setting was de 


veloped by first electrode force 


which was used with a given thickness of metal regard 


less of alloy or temper The welding current was in 
highest shear value that could be 
Macro 


sectioned welds was used as a check of 


creased to give the 


obtained without eracking or expulsion 


examination ol 
proper penetration and absence of gross defects 


Individual samples were sawed from the welded 


as shown in Fig. 12. All specimens which would 
the 


further treatment prior to testing 


panel 


obviously fail by shearing of welds received no 
Kdges of specimens 
which might fail in tension were power-belt| sanded 
long axis and measured for thickness 
Final results of all 
to pounds per square ine h of specimen Cross section 

As the plotted curves indicate, a hyperbolic scale 
the weld spacing. The 


selected that the reciprocal of weld spacing (welds per 


parallel to the 


and width tests were converted 


was used for scale was so 


inch) resulted in a linear seale. In studying the curves 


Figs. 13-23 
double-spot, and double-row panel joint. 
as weld spacing for the panel joint specimens. 


Joint strength vs. weld spacing for four types of spot-weld specimens: 
Width of the single- and double-spot specimens is plotted on the same abscissa 
Welds were made in a range of tempers in alloys 5083 and 5086 


Table 11—Spot-Weld Machine Settings Used in Preparing 
Test Specimens in 5083 and 5086 


Ten per 
H12 Hie H32 H 
5083, 0.064 in. thick ness 

Welding force, lb 1400 1400 1400 1400 1400) 
rime dela millisec 15 
Cap tance, pl 1440 1440 1440 1440 1440 
(Charging voltage 1900 1000 1750 1850 

Transformer turns ratio 450:1 150: 1 150: | 150: 1 

5SOS6, 0.064 in. thickness 

Welding force, lb 1400 1400 1400 1400 1400) 
Seconds ree, Ih 46000 
lelay, millisec 50 50 
(apacitance, pl 1440 1440 1440 1440 L440 
Charging voltage 1850 1900 1050 1050 1850 

Transformer turns ratio 450:1 0-1 150: 1 150: 1 150) 

Thickne 

5OS6-HS4 2024 

Welding force, Ib 150 675 825 2000 1400 
Secondary force, lb 
Time delay, millisec 10 
Capacitance, yf 240 is) 600 2640 1440 
Charging voltage 2150 1000 1050 1950 [S50 


Transformer turns ratio 300:1 300:1 300:1 450:1 450 


leetrodes in, diam, 3 in. spherical radius ¢ 
tin. spherical radius 0.091 only 


xcept Ooo 


diam 


it is important that the concept of welds per mech be 


kept in mind 


Effect of Temper on Spot-Weld Strengths 
of Alloys 5083 and 5086 
The 
allovs 5083 and 5OS86 each in five tempers and from 
2024-T3 for 


all specimens in this series was perpendicular to the long 


first test series included 0.064-in. sheet from 


alloy comparison. Grain direction otf 


axis of the specimen. The results are plotted in Fig 
3 to 23 


gives the tensile results of specimens cut from single-row 


The lowest curve marked S in each figure 


Single-spot, single-row panel joint, 
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SPECIMENS FROM PANELS 
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WIOTH 
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2024 | 

(24S)7 

T3 
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| 

5086 

H 16 

064 

PMU 
PMY 

200¢ 


78,000 


60,000 
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SAMPLE WIDTH (IN) —— 
FIG 24 
Figs. 24-27 
double-spot and double-row panel joint. 
weld spacing for the panel joint specimens. 
indicated on the charts 


panels expressed as psi of specimen cross section. The 
dashed curves marked S illustrate the effect of specimen 
width The data is taken from single-spot controlled- 
width specimens and is expressed as psi of specimen 
cross section. The two top curves present the same 
data for two-row spot patterns 

These 


show the results obtained from the single-row panel 


Compare the bottom curve of each figure. 


specimens. In most cases the curve for alloy 5083 is 


nearly flat between weld spacing '/> and '/, in. whereas 
the curve for alloy 5086 continues to rise in this region 
Chis difference is consistent throughout all corre 
sponding tempers of alloys 5083 and 5086 but no satis- 
factory explanation has been found for this behavior. 
Single-row panel joints in 2024-T3 reached a strength 
of nearly 30,000 psi at '/, in. spacing. Equally good 
results were obtained with all tempers of alloy 5086 
even though all tempers of alloy 5OS86 have a much 
lower ultimate strength than 2O024-T3. The strength 
of single-row panel joints in alloy 5083 was slightly 
lower than those of alloys 5086 and 2024, the lowest 
reaching 25,000 psi 

It is interesting to note that the two-row joints in 
tempers H32 and 1134 of alloy 5083 exceeded the yield 


strength of the material 


mn the series 


‘Two-row joints in all tem 
pers of 5O86 also exceeded parent metal yield strength 
In many of these specimens Lueders’ lines formed in 
the parent metal prior to fracture. This is a rather 
occurrence in spot welded jomts 

In each case, the distance between the curve repre 
senting the panel specimen and the curve for controlled 
width specimens is a good indication of the strength 
loss due to shunting If we were to compensate for 
shunting by increasing the welding current at closer 


weld spacings, single-row jomt stre ngth should approach 


[v4 Cook, et al 


46,000 
30,000 
16,000 
0 = 
j 


WELD SPACING (IN)-— 
SAMPLE WIDTH (IN) ——— 


Joint strength vs. weld spacing for four types of spot-weld specimens: 
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single-spot, single-row panel joint, 


Width of the single- and double-spot specimens is plotted on the same abscissa as 
Welds were made in a range of thicknesses in 5086-H34 and 2024-T3 as 


that obtained from the specimens of controlled width 
10,000 psi should be realized 
the 5086 alloy joints 
were somewhat superior to the 5083 alloy joints and 


and joints of nearly 
In this series of single-row tests, 
both types reached the same strength region as 2024-13 
alloy joints 

In the two-row joints a greater difference is evident 
for various alloys and tempers. This is to be expected 
because the strengths of the joints begin to approach 
Alloy 
2024-13 with its higher ultimate parent metal strength 
Alloy 5083-H16 
reached 55,000 psi although its parent metal strength 
is 4000 psi lower than that of 2024-T3 


examining the eurves tor the double row specimen 


the ultimate tensile strength of the material 


gives a joint approaching 56,000 psi 


of controlled width in Figs. 13 to 23 it appears that 
shunt compensation by increasing the current would 
result in only slight improvement in the 5083 joints and 
negligible improvement in the case of 5SOS86 Thi 

not surprising since the double row joints in the closer 
weld spacings, where shunting begins to be a problem 
are already approaching parent metal strength and 
weld shear strength becomes a much less critical jome# 


strength factor 


Effect of Sheet Thickness on Spot Welds in Alloy 5086 


In the second series similar tests were made on 5OS86- 
H34 sheet having thicknesses of 0.020, 0.032, 0.040 
and 0.091 in. Grain or rolling direction was paralle 
to the long axis of the final specimen throughout th 
SeTIeS lhe results are shown in Figs. 24 to 27 

Although the grain direction was not the same for 
the data of Fig. 23, the alloy and temper were identical! 
and they can be considered with the data of the second 


SeTICS In the single-row panels it will be noted that 
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FIG 27 variation of joint strength and joint 
efficiency as a function of parent 
metal strength 
the highest strength was reached in 0.020-in. sheet na series reached at least 45,000 psi and except for the 
that there was a decrease in strength (psi of specimet 0.09}-in. sheet hunt oOMpensatlo in the two-row 
eToss section fis the specimen thickne mere would result ength Higher 
Two points big marked N¢ represents an attempt strength ingie-ro ould » be developed in 
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eurrent Shunt le the ingle ro anit va enst lor shunt compensat 
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heavier gages as shown bv the increasing eparation ol strength two-ro rear om 1083 and 5OS86 alloys 
the chain and solid curve All two-ro omts m thi In alloy 5O86 the data inelucde iniations of temper as 


Fig. 30 Inert-gas metal-arc welding of gasoline trailer tanks at Beall Pipe and Tank Corp., Portland, Ore. Tanks ore 
fabricated of 5086 (K186) alloy using 5056 (56S) filler wire 


welded atruc- 


S056 filler wire throughout fures in and SORG are hioher than those 


| 
| 
i 
| 
Fepruary 1955 Cook. et al lluminum Alloy Weld 12h 
creased payload of about 450 lb. Weld lone wit! 3. «Design st ble { il 


Fig. 31 Interior hull assembly of welded 40-ft crew boat. 
ing Co., Corpus Christi, Tex. 


thickness for 0.09 1-in 


material, a straight line relation is indicated between 


well as except joints in 
parent metal strength and weld strength or joint effi 
ciency, The two methods of expressing joint strength 
Clearly demonstrate an inverse relation between joint 
strength and joint efficiency as the parent plate strength 
increases, Extrapolation of the 5086 efficiency curve 


100% 
which 


indicates a parent metal strength of 40,000 
the 
\ similar extrapolation on the 5083 curves indicates that 


to 
ultimate strength of annealed 5O86 


psi 
an efficiency of about 9607, would be expected on an 
nealed 5083 for the lot of 


tested, had an ultimate strength of 47,000 psi 


material which, material 

Since 
no annealed material was included in the spot welding 
program, these extrapolations are merely predictions 
of what might be expected 

In Fig. 20 the data for single-weld specimens of con 
trolled width is plotted to show the variation of the 
welds varied 


strength of single-spot with 


width for the different gages of 5086 in the H34 con- 


specimen 


th Cook, et al, 


minum 


This crew boat was fabricated of alloy 5083 by Braver Engineer 


The curve for 0.064 in. 2024-T3 is included for 
The chief point to be noted in this plot 
Addi 


tional studies showed that the curve shape is typical! of 


dition 
Comparison 


is the contrast of curve shape for the two alloys 


alloy 5O86 in all tempers but that alloy 5083 give 
curve similar to that of alloy 2024-T3 
ol specimen width control in single spot weld test is 
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The importance 


evident from a study of Fig 


Applications 


\n excellent application of 5086 alloy has been the 
construction of gasoline tank trailers* illustrated in 
30) and the of this 
These tanks are easily formed, using inert-gas-shielded 


Fig in lead illustration articl 


metal-are welding 
that 
fatigue strength than tanks made previously of 5052 


Service experience to date indicates 
these tanks are more durable and have highe 
alloy. Using 5086 alloy it has been possible to reduce 
the weight of the tank by 10°, thus allowing an in 


* Beall Pipe and Tank Cory Portland, Ore 
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creased payload of about 450 |b Welding is done wit! ; Design tresse ble f irc-welded struc- 


5056 filler wire throughout tures in OOS3S and SOS6 are 30 ft 10°), higher than those 
Another application is the use « 083 for for 6061 and 505 

cating cre boats” a ustrated y st and 32 | Both the weld tu d heat-affeeted zones 1n 

The hoat > ft mg with a ,.f | bean the base plate of 5083 and SOS86 allovs have excellent 

8-1n. freeboard and lraft of 2 | 0 H du 


are i thich \ elding vil bone ) The meta ! tor eld in 5O83 and 


diam 5056 filler wire usn the ert- meta O86 allovs is le ’ re th no ther commercial 


ippreciabir irping ¢ he most hi nechanical tests 
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jomed ert-gas are welding or sp Claing loin, on either sic rive ent indication of 
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head of elded assemblie m ed ! Ow pot welded 
trength of the annealed base plat: When desi joints in SOSS 1 5SOS6 app e strength of similar 
based o uitimate trengt! Vpl Lite elaed jomts 24-13 | 1) nvle-row spot- 
joints are 42,500 psi for 5083 and 38,700 psi for 5086 elded joints in SOSE miger tl those in 2024-T3 


0 Phe str th of PO po elded joints ap- 


proaches the eld strengtl the parent material in 
harder tempers of 5OS83 | thy olter tempers 
and i Of the trength of two- 


ro pot-welded jo ( eed tl eld strength of the 
materia In hardes mp of 5083 the 
trength of two-ro ot-welded ts approaches that 
btaimed in 2024-TS 

10 In commot } thie im allovse. 5SOSG 
hows higher shunt loss for spe elded panels in heavier 


1] loxpre 0 trength in terms of efficiency 
in be misiead ! ! ( ! pot velded joints 
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| / 

Che authors expr thy pr on for the valu 
tance ol sevel rest hnicians and pul 
al of J. Case \. De St. Denis and 


j heet Metal Indu 
j mion Ke 
74 J (1048 
hed Alurmin 


78 
« Cherina de Fe 
45, N 
Fig. 32 Bow-on view of aluminum 40-ft crew boat This 
boat was fabricated of alloy 5083 using 5056 filler wire ; +? 
and inert-gas metal-arc welding. Photo courtesy Braver wi i {au Two-Row 
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MECHANICAL PROPERTIES 
OF WELDED 356 ALUMINUM CASTINGS 


Investigation indicales that, with proper postweld heat treatment, 


396 aluminum alloy castings can be repaired without loss in strength. 


Also, ut is feasible to design production parts from weldments 


composed of castings or of cast and wrought aluminum alloy sections 


BY WALTER S. TENNER 


ABSTRACT. The welding together of aluminum castings or cast 


sections with wrought sections can often save weight and simplif 


the fabrication of complex shapes Although 456 aluminum is 
conmmadered a weldable allo le igh enginec#rs ldom take advan 
tage of welding techniques because the mechanical properties of 


such weldments have not been sufficiently investigated 

In order to obtain these data, a series of specimens and 
l-in, thiek, were welded together, using various filler rods and 
heat treatments Thieme weldments were radiographed ind 
tested for tensile strength and ductility, with the following re- 

l Jount efficienci of 100% ean be obtained when in 
thick 356 aluminum alloy castings are welded, using 5% silicon 
11% sileon or 356 aluminum alloy filler rods, provided the weld 
ments are heat treated after welding to the T- condition 
2 Joint efficiencies of 100% can be obtained when and 
l-in.-thick castings are welded with 356 filler rod, provided the 
on tings ire heat treated after welding to the T-4 condition 

AN 4356 aluminum alloy weldments tested in the as-welded 

condition failed in the heat-affeeted zone, regardless of the fillet 
rod used, but joint efficiencies ranging from 50 to 75% were ob 
tained 

| (Castings of 456 aluminum alloy can be readily welded to 
OIST wrought aluminum, producing joint efficiencies of L0OG 
based on the etrength of the casting, prov ided the weldmente are 
heat treated after welding 


5. Crnsting i060 aluminum alloy can be successfully repaired 


without loss in strength if the weldments can be heat treated 
subsequent to welding 

Phe author believes that the mechanical properties of the weld 
ments tested indicate that we Iding could be used more 


for repairing defective castings and fabricating complex shapes 
Introduction 


\ large percentage ol the aluminum alloy castings 
produced at the Naval Ordnance Test Station are 


made from 356 aluminum alloy which contains ap 


proximately silicon and 0.3°) magnesium 
Walter S. Tenner i« aan sted with the Materials and Process Section, U. & 

Naval (irdnance Teast Stat Pasadena Annex 

Preset Vhirty-} AWS Nation Meeting held in Chicage 

N ‘ 
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alloy is relatively easy to cast, has excellent corrosion 
resistance and produces castings that are relatively 
pressure tight. The minimum mechanical properties 


required for 356 aluminum alloy are, according to 
Government specifications AN-A-39, 30,000 psi ultimate 
strength and 3.0°), elongation in 2 in. for sand-cast bars 
heat treated to T-6 condition, 22,000 psi ultimate 
strength and 0.7°) elongation for machined test bars 

The 356 aluminum alloy castings produced at the 
Naval Ordnance Test Station are often large and in 
tricate in design. Occasionally a radiograph reveals 
small defective areas which call for repair or rejection 
of the casting Although 356 aluminum alloy is con 
sidered a weldable alloy, design engineers have been 
reluctant to use castings repaired in critical areas 
because little was known about the mechanical proper 
ties of the weld areas 

Che purpose of this investigation was (1) to determine 
the mechanical properties that could be expected from 
weldments of 356 aluminum alloy obtained by specified 
welding procedures; (2) to determine the feasibility of 
fabricating finished parts by welding together cast or 
cast-and-wrought aluminum alloy components. Weld 
ing often saves weight and permits the fabrication of 
complex shapes which are difficult: and expensive to 
cast as single units. Although ferrous alloys are fabri 
cated extensively in this manner, designers have not 
taken full advantage of this technique when dealing 
with aluminum alloys 

This investigation was divided into four phases 
1) evaluation of single-pass welds in !/,-in.-thick 


castings 2 


evaluation of multiple-pass welds in 

and t-in.-thick castings; (3) evaluation of 
weldments made from cast and wrought aluminum 
alloys 1) evaluation of a component fabricated by 


welding together cast-356-aluminum-alloy sections 
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Fabrication of an ordance component by welding fe 
Althon Hum-alloy ist hould ; 

heat ire iv mum mect 
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of welament the a elded cortditio 
Casting Procedure 
In order to produce ust fore 
yished \ ere : 

Loy pig | ist p 
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putt Ve] eT 
Welding Equipment and Procedures 
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ries: water-cooled inert-gas tungsten-al 
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amount of alloy loss 
welding 


caused occasional difficulties due to dross or oxi 
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) specimens had excellent mechanical prop 


Prior to welding, the cast plates were cl 


disk sander, degreased and clamped to a grooved 


Welded 4° thick 356 Aluminum Alloy Cost Plates 


Filler Red! 


Specimens welded in the T-6 conditi 


Tensile Tests? 
jit, See. par 
Yield Str. par 


%Elengetiun in 2° 
Bose Metal Band Tests 


Angle of Bend 
Elongetion4 
Foce Bend Tests 
Angle of Bend 
“Elongation in Weld 
Reot Bend Tests 
Angle of Bend 
% Elongation in Weld 


Specimens welded in the T-6 condition and heat treated to the T-51 condi 


Tensile Tests! 
Ser. pei 
Yield Sw. par 


% Elengetion in 2” 
Bose Motel Bend Tests 

Angle of Bend 

Elongation 4 
Face Bend Tests 

Angle of Bend 

% Elengetion in Weld 
Reet Bend Tests 

Angle of Bend 

% Elongation in Weld 


24,90 
15, 300 
3.0 


22 
10.0 


18 
11.0 


21,90 
17,900 
2.0 


6 
4.0 


Bose Meta! 
Specimens? 


35,600 
78, 400 
1.75 


24,700 
21,100 
1.3 


2.5 


11.5% Si 


Filler Rod! 


on and tested in the as-welded condition 


22,000 
17,000 
2.8 


18.5 
10.0 


12.5 
7.0 
4 


24,700 
18,400 
1.8 


characteristics 


showed 


Low 


specimens 


yie 


omewh 


ld strength \ Nn 


indicated an insig 


All three filler rods had ¢ 


but 


356 


the cast 


“aned 


Bose Meteo! 


Specimens? 


31,900 
22,900 
1.8 
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27,800 
25,700 
1.3 


11.5 


Specimens welded in the T-6 condition and heot treated to the T-6 condition after welding 


Tensile Tests? 
Ult, Se. par 
Yield St 


pe 

+ Elongetion in 2 

Bose Metal Bend Teste 
Angle of Bend 


Elongation4 


Face Bend Tests 


Angle of Bend 
ti gation in Weld 
Root Bend Tests 
Angle of Bend 
+ Elengation in Weld 


1.5 
6.0 


32,700 
100 
1.8 


21 
11.0 


11.5 
10 


35,700 
31,500 
2.0 


7% Si .30% Mg Bose Metal 
Filler Rod! Specimens? 
24,700 36, 100 
16,200 297,700 

2.7 2.0 
17 
5.0 

16.5 

7.0 

4 
tion after welding 
21,200 22, 00 
17,200 19,700 
1.8 1.5 
2 
10 
5.0 
7 
4.0 
41,000 37,400 
35,900 34,800 
1.8 ‘ 
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8.0 
16.5 
11.0 


Specimens welded in the as-cast condition and heot treated to the T-6 condition after welding 


Tensile Tests! 
Ule. See. par 
Yield St. pe: 


% Elengetion in 


Bose Metal Gend Teats 
Angle of Bend 
Elor gotion4 
Bend Teste 
Angle of Bend 
% Elongation in Weld 
Root Bend Tests 
Angle of Bend 


Elengotior Weld 


34,90 
27,900 
2.0 


28.5 
13.0 


16 
8.0 


33, 00 
29,390 
1.3 


Valves ore the overage of three specimens 


“Values ore the average of two 
) 
Welded spec 
“wer specihed 


specimens 


mene oll broke outside weld area 


The error in determining elongotions of | percent or 


36, 100 
29, 400 
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36,600 
29,000 
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Table 1—Tensile and Bend Test Results 
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EXTRA SPECIMEN eontent if needs to te he it-treatable No difference in 
AN RAP 
z tensile propert ed tt ( castings welded 
z - in the as-cast d e welded the ‘'T-6 condition, 
, ; provided the weldme ‘ } treated to the T-6 
WA 
"a condition afterward Weldments tested in the as- 
“. BEN welded condition had t efh of approximately 
Castings we led the condition and then 
+ heat treated t l | ( in attempt to 
improve th elded properti« the weldments 
thout resort heat treatment 
| iv result I this did not im 
prove the mech | | the weld area, 
while Im pail yth es ol the casting 
r 1 outside the eld Bend ilts of the '/, ¢ 
! hick weldn ed every 
Fig. 1 Lay out of weld joints, in. thick castings to be more du the | ‘ 
Photomicrogra] | veldment tested 
in the T-6 condit | 4 This casting 
elded } | The weld area ol 
the specimet if mi | d microstructure 
Figure 3 sho eld f dment tested in 
he a velded ¢ rhe a of this spec 
mie ot ol ul microstructure, 
but how fou | woe partially 
fused Zo he ad inaffected zone 
The cast zone of dey ! metal and metal 
melted from the np This area 
gt e metal The 
partially fused idjacent to the 
veld) ha cust 356 alu 
« 
minum all ine ‘ shows a couale 
eenee ol the pre | ely large 
00 
Fig. 2 Photomicrographs (magnification 500) and aluminum allov 
hardness survey of specimen heat treated to the T-6 condi 
hich mater ( he as welded 
tion after welding. (Reproduction reduced by two-thirds; 
Le! pe Int ! eraged aren All 
tensile peciume he condition failed 
le ee backing p ite | Tat D eld re: outside the eld 
with the thick isting ul sed j re 
butt joint Single-vee butt joint th a 
opening were used with the n-thick ¢ 
Single- and double-vee joint ha root ope re . ‘ 
were used vith the l-in.-thick casting \ eld x / 
were radiographed to determine the weld qua 
Testing of the '/,-In.-Thick Castings 
\ separate test pane vas made for « set ol 
ditior ere ay 
hig ( end 
r ‘ ‘ 
} 
4 
Fig Photomicrographs (magnification 500) and 
: hardness survey of specimen tested in the as-welded condi- 
enta ol tne tion (Reproduction reduced by two-thirds) 
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Testing of the '/,- and 1-In.-Thick Castings the tensile strength within as well as outside the weld 
The layout used for the '/y and 1-in.-thick castings area was 60% of the minimum values specified for 


is shown in Fig. 4. Since wider specimens were used, 356 TH) castings, regardless of the filler rod used lhe 


the number of pecimens per casting was smaller The specimens tested in the as-welded condition all failed 


size of the castings was not increased because the the heat-affected zone in the overaged area Appa 


probability of obtaining good uniformity is better with ently the deposited metal has greater strength than 


small castings The bend tests were omitted because the heat-affected zone or overaged area of the casting 


the angle of bend would have been too low to vield regardless of the filler metal used Double-vee joints 


significant data Again a separate test panel was made to determine the effect of joint design on the ten 


made for each set of conditions sile strength of the weldments, had approximately 


I the same tensile properties, 


‘Tensile-test data of weldments made from 


thick castings are shown in Table 2. They indicate Welding of Cast and Wrought Parts 


that joint efficiencies of 100% can be obtained when 


qin 


356 filler rod is used pros ided the weldmente are heat Io determine the properties that could be expect ad 
treated to the T-6 condition after welding. Joint ites hag re wrought aluminum alloys are welded 
pe : together, we nts were made fr ‘ast 356 an 
efficiencies of approximately 74% were obtained with ogethe ry = ments were made Irom cast aoe and 
either 5 silicon or 11.5 ilicon filler rods when the wrought 61ST aluminum alloys. The latter was selected 
weldments were heat treated, but the yield strengths because its welding characteristics and heat treatment 
were very low In butt joints made of thicker castings are quite similar to those of 356 aluminum alloy First 
with beveled edges the filler metal used is an important I 7 , a hea reatment h ud to be found that would 
‘ factor In the as-welded condition, all three filler result in maximum properties for the 356 cast-aluminum 
rods yield joint efficiencies of approximately 63°% alloy without overheating the 618T wrought-aluminum 
alloy. Experiments led to a compromise consisting of a 


thick castings are shown in Table 3. With 356 alumi 


num filler rod the joint efficiencies were the same as 


solution heat treatment at 970° F for 12 hr and a pre 


those obtained with '/»-in.-thick castings With 5% f 
silicon filler rod, the joint efficiencies were approximately | \ ' — 
69°) and with 11.59), silicon filler rod approximately TENSILE 
75°), after heat treatment to the T-6 condition. No % ; 
difference in tensile properties was noted between cast- me 
ings welded in the as-cast and those welded in the T-6 ” F & TENSILE w 
condition, if the weldments were heat treated to the 3 
T-6 conditions after welding TENSILE 
Regardless of the filler rod used, specimens welded ) 

in the T-6 condition using 600° F preheat, and tested 

TENSILE 
in the as-welded condition, had tensile properties ap 
proximating 50°) of the minimum values specified in | Y waste 
Government Specification AN-A-39. The tensile 
strength of the casting outside the weld area was re po 
duced to about 56°) of the minimum values specified 
for 356 T-6. When a preheat of 300° F. was used, Fig. 4 Layout of weld joints '/.- and |-in. thick castings 


SPECIMENS WELDED IN THE AS CAST CONDITION AND HEAT 
TREATED TO THE T-6 CONDITION AFTER WELDING 


5% SI BASE METAL 11 /2% Si BASE METAL 356 BASE METAL 

FILLER ROD SPECIMENS FILLER ROD SPECIMENS FILLER ROD SPECIMENS 

ULTIMATE STRENGTH PSI 19,700 27,500 20,600 27,500 33,200 35,600 
YIELO STRENGTH 0.2% OFFSET 16,500 26,500 16,500 - 286,100 28,600 


SPECIMENS WELDED IN THE T-6 CONDITION AND 
TESTED IN THE AS WELDED CONDITION 300°F PREHEAT 


ULTIMATE STRENGTH PSI 16,600 25,800 18,300 27,200 20,200 20,500 
YIELO STRENGTH 0.2% OFFSET - 16,400 - 13,600 


® TEST RESULTS ARE THE AVERAGE OF FOUR SPECIMENS 
Table 2—Tensile Test Results* Welded ' »-In. Thick 356 Aluminum Alloy Cast Plate Using Single-V Joint Design 
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it 
Table 3—Transverse Butt Weld Tensile Test Results,” | In. Thick Castings $ 
5% Si BASE METAL 
FILLER ROD (CASTING) 
SPECIMEN! 
ULTIMATE STRENGTH PS! 34,160 33,900 


YIELD STRENGTH 0.2% OFFSET 30,720 


SPECIMENS WELDED IN THE T-6 CONDITION AND TESTED IN : 
THE AS WELDED CONDITION (300°F PREHEAT) 


5% Si BASE METAL 
FILLER ROD (CASTING) 
SPECIMENS 
ULTIMATE STRENGTH PSi 24,530 33,900 : 
YIELD STRENGTH 0.2% OFFSET 17,770 27,800 i 
Table 4—Tensile Test Results of Butt Welds, In. Thick Castings In. Thick Wrought 61ST Alloy 
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SPECIMENS HEAT TREATED TO THE T-6 CONDITION AFTER 
WELDING 


5% Si BASE METAL 1i/2% Si BASE METAL 356 BASE METAL 
FILLER ROO (CASTING) FILLER ROO (CASTING) FILLER ROO (CASTING) 
SPECIMENS SPECIMENS SPECIMENS 
ULTIMATE STRENGTH PSI 25 060 25,250 29,770 30,690 28,000 27,300 
YIELO STRENGTH 0.2% OFFSET 24,000 28,900 28,210 25,850 


SPECIMENS WELDED IN THE T-6 AND TESTED IN THE AS 
WELDED CONDITION (300°F PREHEATED) 


ULTIMATE STRENGTH PS! 22,170 32,900 24,700 33,000 22,170 31,100 
YIELD STRENGTH O 2% OFFSET 32,200 31,600 


# TEST RESULTS ARE THE AVERAGE OF FOUR SPECIMENS 


Table 5—Tensile Test Results* of Butt Weids, * ,-In. Thick 356 Castings—’*/,-In. Thick Wrought 61ST Alloy 


cipitation treatment at 320 for 12 he This heat 6IS-T6 

treatment was applied to all subsequent weldments on 
made from 356 and GIST aluminum alloys which were » y 

heat treated after welding. ‘Tensile-test data of butt A \ 

joints made from 356 castings and 61ST | 

aluminum alloy are shown in Table 4 All specimens ‘ — N (7 

were welded with 5°, silicon filler rod, because previous . 

experiments with ein.-thick castings had indicated Fig. 5 Specimen of fillet joint, 61S-T6 and 356 casting 


that all three filler rods were equivalent. Joint effi 

encies of, 100°), after heat treatment were obtained 

and fractures originated in the casting portion of the | ve 3/8" 
weldment outside the weld area In the as-welded | 

condition, the jomt efficiencies were approximately 

73°), with fractures occurring in the casting portion of ‘ ‘ 


the weldments, in the heat-affeeted zone 


‘Tensile-test data of * ¢in.-thick specimens machined 
SPECIMENS HEAT TREATED TO THE T-6 


ro ) 0 350 cas rs OIST 
from butt joints of 356 castings with 61ST aluminum CONDITION AFTER WELDING 


alloys are shown in Table 5. They indicate » joint 

strength equivalent to that of parent 356 castings, psi 
regardless of the filler rod used, if the weldments are 1a" 47,930 48,170 48,200 
heat treated after welding Apparently the dilution 3/8" 46,570 47,570 47,670 


from the 6IS aluminum alloy ts sufficient to give the 


deposited metal ample magnesium content to be heat- 


treatable The weldments all failed in their casting 
‘a ; SPECIMENS WELDED IN THE T-6 CONDITION 
portion, outside the weld area. The specimens tested 
AND TESTED AS WELDED (300°F PREHEAT) 
in the as-welded condition had joimt efficiencies of 
approximately 6S°,, for all three filler rods, and they Ultimate 5% Si N-1/2% Si 356 
. Strength ps! Filler Rod Filler Rod Filler Rod 
all failed in the heat-affeeted zone of the casting portion m 
1/4 24,250 24,570 23,780 
Fillet Joints Between Castings and 
Wrought Aluminum 
There are many instances when ordnance com “TEST RESULTS ARE THE AVERAGE OF FOUR SPECIMENS 


ts could be fabricated b r fillet ts be ‘ 
Table 6—Tensile Test Results,* Fillet Joints, 356 Castings 


tween castings and wrought aluminum alloy In 61S Wrought Aluminum 
order to determine the mee hanical properties ol such 


joints, specimens simulating fillet welds were tested 

The type of specimen used is shown in Fig. 5, and strength of the 61S-T6 aluminum alloy, can be obtained 
tensile-test data of fillet joints in Table 6 Joint with all three filler rods, if the weldments are heat 
efficiencies of approximately loot, based on the treated Lhe specimens all fracture outside the weld 
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he \ ! dment rat-tested The 
ed pical fractured 
hig. 
do have hined | 
pre ece hye » Average Burst Test Results,” Cast and Welded Cylinders 
a r 22 , OHO 
23 
n. | 4OO 
de 
] RY Q55 lent | | minum 
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/ Rupere Sta ——— 

i 


all weld 


Joint efficiencies of 100°, were obtained i 
ments, with failure initiating outside the weld area in 


all instance 


Repairing Defective Casting 


Many defective 356-aluminum-alloy castings have 
been successfully repaired by welding at the Naval 
Ordnance Text Station Unfortunately, most of the 
castings are classified and cannot be shown. Very 
little difficulty was encountered during this investiga 
tion in welding any of the 356-aluminum-alloy castings 
and radiographically ound welds were produced con- 
sistently. Sound welds were even made with gassy 
castings. Castings containing dross were the most 
difficult to weld, but dross can be successfully worked 
to the surface of the weld by manipulating the torch 
No eracks due to welding were noted at any time during 


these experiments 


Conclusions 

As a result of this investigation, two manufacturers 
are now commercially extruding 356-aluminum-alloy 
filler rods. This extruded wire is, of course, much 


simpler to use than the cast rods and has excellent 


fluidity. The Naval Ordnance Test Station produ 
tion-shop welders prefer this filler rod to the 59% silicon 
rod 

The author believes that this investigation demon 
strates the feasibility of designing production part 
made by welding together castings or cast- and wrought 


aluminum-alloy sections. The data are presented i 


the hope that design engineers will take advantage ol 
this technique when they are faced with the problem 
of saving weight or fabricating complex shapes which 
are difficult and expensive to cast as single units 

Many of the tests performed during this investiga 
tion will be repeated using the inert-gas consumabl 


eles trode type equipment The technique will also be 
applied to other aluminum and magnesium casting 


alloy 
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Welding of truck bodies with inert-gas-shielded metal-arc welding 


NEW TECHNIQUES IN INERT-GAS-SHIELDED 
METAL-ARC WELDING 


Laboratory investigations indicale thal, when proper techniques are 
employed with carbon dioxide as a shielding almosphere, satisfactory welds 


Cah he produced al increased speeds and lower over all welding COSTS 


By R. W. TUTHILL 


The potential despread use ol dioxide It eu een that even though gas costs, like the 
p e ati I | f electrode. n he fa red to the cost of a 
nin to the hole weld head, it can be f cle to the wide 
Apr } | , | 1 app { f tlh method of welding mild 
urd er hielded weld here no flux, and con 
of tl rate of equent ho produce isions or to remove 
gas u fif ( fe ifter probably been one of 
vhicl ‘ the g it f ul th I those pplications of this proc 
ol rm However, the cost of electrode for tl f th expe f ert gare he present time 
dolla fift Economy of Process 
R. W. Tuth It has long ago be eCO wea by many people 
that carbon dioxide alone ould be a more economical 
— shielding gas if ways could be found to utilize it effee- 
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tively. The most important factor with respect to Arc Length Effects 


the use of carbon dioxide is the low cost of shielding gas In the consumable electrode gas-shielded process, 


Carbon dioxide is usually sold by the pound and the it has been proved that all known arcs in inert gases 


price is about eight cents a pound in 50-lb cylinders have volt-ampere characteristics that rise And 
The cost per cubic foot is about one cent. Beside furthermore, the generator that best matches the volt 
the cost being less, it is quite feasible to weld with ampere curves will produce welds automatically with 
less quantity, 20°30 cfh being quite sufficient The the same are length, under different current require 
net result of both these factors is to make the cost of ments 
shielding gas be 20¢ to 30¢ per hour — about » Of the Carbon dioxide is no exception; its volt-ampere 
cost of the inert gas requirement curve also rises (Fig. 2). The importance of knowing 
Under the influence of are heat it is generally believed the volt ampere curve of carbon dioxide is that vith 
that carbon dioxide breaks down into carbon monoxide this knowledge the are length can be accurately con 
and oxygen. In the area of the are itself the gases trolled. When using carbon dioxide exclusively as a 
breakdown further into atomic form. In the area shielding gas in the process, it is necessary to hold 
surrounding the arc where the temperature drops to a very short are to reduce the bad effects of spatter and 
634° © the earbon monoxide reacts with oxygen to re to reduce porosity When a short are is employed, the 
form carbon dioxide An are in carbon dioxide at electrode tip operates near or even below the surface 
mosphere is actually shielded by carbon monoxide and of the plate and the majority of electrode droplet 
oxygen. Neither carbon dioxide or carbon monoxide which might produce spatter with a long are, are de 
are soluble in molten metal to any great extent,’ al- posited in the puddle, and so cause very little spatter 


though the oxygen present due to decomposition Is Figure ? shows the volt-ampere curve of mild steel 


quite oluble in molten metal welding in carbon dioxide yas The most optimum 


The main drawback to the immediate widespread welding conditions can be found in the shaded area 


application of carbon dioxide has been the erratic Studies of high-speed motion pictures of the are (Fig. | 


actions of the are, Figure | shows a print of three and osciilograms indicate very clearly that the short 
strips of high-speed motion picture film exposed at are technique causes many momentary short circuits 
'/woo Of a second per frame. A careful, frame by frame 


study of these high speed color moving pictures shows 
that there is little or no regular droplet formation as is 
the case with inert gases Instead, there seems to be 
a jet action forcing the irregular droplets up; under 
some conditions, there is also some spatter In spite 


of this, however, welds are remarkably uniform 


Initial Development Work 

Extensive work in the Welding Development Lab- 
oratory of the Ford Motor Co. in Detroit, Mich.. 
under the supervision of John F. Randall and in the 
General Kleetric Welding Department in York, Pa., 


has shown that this erratic are condition and extensive 


mtter can be materially reduced to the point where it é x % 
is practs al to use carbon dioxide as the sole sShieriing electrode, CO» gas, 4000 frames per second, 300 amp 
medium at tremendous savings 


The way to control spatter using LOO”, carbon di 


045" DIA A675 WIRE 


oxide as a shielding gas is through the use of high 30 CFH COp GAS 


current density and short are length Many times the as 

are voltage is specified as the important variable | 

Actually, are voltage is a convenient method of meas 4 ) (ARC LENGTH 
ABOVE 

uring are length but only for a specific current Hold- PLATE 

ing constant are voltage does not maintain constant ss SURFACE 

are length under different current conditions, Con ’ 

stant are length is the important factor because are $ 

length is a factor that controls bead contour, penetra- * 

tion, porosity, pool agitation, and undercut. The 

are voltage, needed to maintain certain bead contour 

and penetration lactors, changes as the current changes, 

but usually the same are length will produce the same 

physical are characteristics even though the current 0 200 soo 400. 6 

is changed. Therefore, the variable to control is are mes GE Re 

length not are voltage. Fig. 2. Volt-ampere curve 
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Fig. 3(a) Short arc 350 amp- 
28 arc volts weld bead on semi- 
killed steel, CO. gas—30 cfh 


Fig. 3(b) Long arc 350 amp-37 
arc volts weld bead on semikilled 
steel, CO. gas—30 cfh 


Current Density Effects 


Fig. 4 


350 amp-37 arc volts weld bead on semikilled 


steel, CO. gas—30 cfh 
of the sil t Ibserve 
eld th ey me 
trodes. The melting rate for stee \ 
d ie ga muct er tl 
that for a specific feeding rate th | 
ret higher irrent tha > 
differe iv. the bon dioxide shielded 
more heat thar irgon-« he pl 
welding current and are current highes 
extra high heat give in herent aeeply pene 
are with carbon dioxide g 
Figure 3 shows the surface of a te th 
and a short ar howing the spatter present 
long are and eliminated in the hort ire | 


{4 and 5 show the 


bead eontour with 
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peed and current 


hile the long are 


he controlled to pro 
dioxide is the current 
i very high current 
100,000 amperes per 

amperes per 
tha avin eles 

} minute of ein 
argon only 280 

rate 

tion deeper with 
current using the 


| reduce spatter 
high feeding 
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Fig. 5 350 amp-28 arc volts weld bead on semikilled 
steel, CO, gas—30 cfh 


Welding Results 


higure 7 shows butt weld, '/ in. plate, no joint prep- 


fration, using carbon dioxide on semikilled steel, 
23 ipm travel speed, wire feed 340 ipm, are length 

win., are voltage 37 are current 470 amp. Figure 
% is a radiograph of the butt weld shown in Fig. 7 


Note the 


) shows a 


soundness and the lack of porosity. Figure 


fillet 


bon dioxide 


joint, no joint preparation, using car 
emikilled steel, 19 ipm travel speed 
length '/,in., are voltage 40 \ 


wire feed 495 ipm 


are current 620 amp. ‘This joint shows the extremely 
deep penetrating are 


The deoxidization technique used in making mild 


steel has a profound effect on the potential quality 
of the resultant weld although quantities of surface 
oxide can offset good deoxidization practice. Some 


that the use of carbon 


the formation of porosity. * 


researchers indicate belef 


dioxide prevent It seems 
improbable that carbon monoxide could reduce poros- 
ity in the steel by combining with oxides in the metal 
and forming carbon dioxide thus preventing the oxides 
since carbon 


The 


from combining with the carbon present 


monoxide is insoluble in molten steel oxygen 


aferre 


decomposed from carbon dioxide, however, is soluble 
in steel but it seems as if it could only increase porosity 
since it could only supply more oxygen for the reaction 
We that the 


source of porosity is the combination of carbon with 


with carbon believe, however, main 


oxides already in the base metal the resultant bubbles 
of carbon monoxide (even though it is not soluble in 
the molten metal) tending to become trapped by the 
freezing metal before it can rise to the surface and 


escape. A close visual study of the are in carbon 
dioxide on rimmed steel shows the gas bubbles rising 


to the surface and escaping or being caught in the act 


of escaping and being trapped in the weld 


Higher Quality Welds Possible 


We believe the higher current densities employed 


Fig. 6 190 amp-34 arc volts weld bead on semikilled 
steel, CO. gas—30 cfh 


Fig. 7 470 amp-37 arc volts butt weld on semikilled steel 
with no edge preparation, CO. gas—30 cfh 


Fig. 8 Radiograph of a butt weld on '/;,-in. semikilled steel; no edge preparation was used for this weld 
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in carbon dioxide welding the uperhea ing ofl the 


weld metal. the violent iwitation of the molter pool 


all tend to permit. more carbon monoxide to escape 
It is in this way that the use of carbon dioxide as a 
shielding gas may be more effective in reducing poro 
itv than inert gase Figure 10 illustrates the welding 


are crater using carbon dioxide ga 


Ventilation Practices 


Unlike argon or helium, carbon dioxide, is not al 


ert gas. Carbon dioxide is toxie and trritates the 
nose and throat if levels exceed 5000 parts per million 
This is about 17 times the amount normally in the 
air. The effects of carbon monoxide are well known 


The eight-hour maximum average atmospheric cot! 
centration without injury to health listed in Industrial 
Hygiene Digest is 100 parts per million 


With this new gas shielding medium, strict adherence 


Fig. 9 620 amp-40 arc volts fillet weld on semikilled 
steel, CO. gas—30 cfh 


Fig. 10 Consumable electrode welding with CO, gas on 
mild steel 
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to the accepted practices for ventilation of the welding 
area are nec ry some portion of the carbon 
monoxide formed the are ¢ capes to the air as free 


vhen welding with 


carbon monoxide 
cellulose coated mild ter ectrodes Very recent 


exploratory welding tests were made in our laboratory 


it current levels of about 400 amy ne carbon dioxide 
gus and a i! diam toe electrode These tests 


the results indicated 


were conducted i hamber 


that with 30 eth of irbon droxide gna flowing, about 


efh of free carbon mon le was liberated Based 
on these tests. in order to keep below the established 
concentration limit of carbon monoxide and carbon 
dioxide when welding on a itinuous basis, if the 
welding area were 20 x 20 x 12 (5000 cu ft) air 
would have to be changed at a rate of 100 efm. This 


compares to that recommended by the American Stand- 
ard Assn, Publication Z49.1-1950 of 2000 efm. 
Further tests indicate that an E6010 '/,-in. diam elee- 


trode, at the same current, produced only about one- 


tenth of the volume of carbon monoxide while producing 
at least twice as much sme the earbon-dioxide 
shielded art he test th an al hielded with car 
bon dioxide indicated that most of the carbon mon 
oxide liberated Va pre ent trv moke fume since 
no perce ptible ol irbol monoxide could be 
measured outside the fume are lor this reason the 


operator should not be located so that smoke and hot 


gas rising from the ar npinge on his face, The 
ultraviolet light from gas-shielded arcs may generate 
large amounts of ozone and me applications require 
ventilation in excess of that recommended by American 
Standard Assn Pu Z49.1-1950 to control 


concentration of this ¢g 


Summary 


Since very high current leeply penetrating ares 
and fast travel speeds are eeded with carbon dioxide 
welding, an automat travel mechanism is desirable 
Work with carbon dioxide can be done manually but 
fast travel speed ed In the operation of 
hand welding, | ever, a stable elding generator 
Is necessary to pet the are length to be held to that 

alue nec il for good we 

( omplet po f free eld on the poorest 
grade rimmed ste¢ e not yet p ible since technique, 
knowledge and available el ire not sufficiently 


advanced at th ie llowevet many 
of gas-shielded welding on se killed steels may be 


applications 


possible right no th a use ol rbon dioxide gas and 
the eorrect weld re ting in great savings 
compared to using ert ga 


Helerence 
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The newest liquid oxygen plant built by the Air Re- 
duction Sales Co. in Riverton, N. J., typifies an in- 
dustrial trend toward large capacity oxygen-producing 
plants 

The main production building at Riverton houses 
two producing columns, each capable of turning out 
55D tons of liquid oxygen a day a total daily capacity 
of 110 tons 


lion eubie feet. Full-seale production at Riverton 


and a monthly capacity of about 75 mil- 
comecides with the closing down of Airco’s first and 
oldest oxygen plant at Germantown and Allegheny 
Aves. in Philadelphia Back in 1916 “Philadelphia 
Number One”’ was a big, pioneer plant in a brand new 
industry and it produced each day about 4 tons of 
oxygen In the summer of 1954. after 38 vears of 
solid performance, “Old Number One” closed its doors 
for the last time The modern Riverton plant has a 
daily production of more than 25 times that of the 
Philadelphia plant 

Kach producing column at Riverton has a control 
panel which consists of automatic controls and analysis 
equipment In addition to automat operation pro- 
vided with this equipment, the operator can also tell 
temperature pressure flows and analysis of the 
Various gases throughout the entire manufacturing 
proce An audible signal system notifies the operator 
the moment any pha e of the operation is off control 

With a complete array of distribution equipment 
special trailer tank trucks, railroad tank cars 
Riverton serve teclmaking, metalworking and chemi 


primarily in the flourishing Delaware 


cal industrie 
River Basin 
ported economically in the liquid state to more distant 


Large quantities of gases also are trans- 


Fig. | Air Reduction's new liquid oxygen plant at Riverton, 
N. J. 
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- 
Fig. 2. The four-story high separation column at Riverton. 
Gases are "tapped off” at varying conditions of tempera- 


\ 

Fig. 3 One of the control panels at Airco's new liquid 
oxygen plant, Riverton, N. J. 
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points Produc ts ee luce liquid oxvge!l nitroge! equipment are stored and sold directly to users and 


argon and some ol the rare Gases neo! Kryptor ma ce alers in the eC! trogen and argon are 
» sold in gaseous form by converting substantial 


The facilities at Riverton also serve as a large d portions trom quid to ga it the plant Calcium 


tribution point for the Philadelp| C'amdet rea ol earbide, from whicl etvlen made, is stocked 
every product in Airco’s electric are welding and ox) in drums and sold to industri hich operate acetylene 
acetviene welding and cutting Items ranging generators Acetviene ¢ ilso sold in eylinders 
from welding tips to automatic welding and cutting Helium is marketed from here 
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IRON-POWDER ELECTRODES BOOST 
WELDING RATES ON DIESEL COMPONENTS 


Fast manual welding performed 
on exhaust manifolds, oil pans, 


crankcases and fuel tanks 


BY HERBERT CHASE 


Fast and highly effective are welding is done 
on diesel engine componente in the Three Rivers 
Works of lairbanks 
assemblies are 8 ft or more in length and are fabricated 
from low-carbon steel plate, most of which is flame 
cut to required shape and some is rolled or otherwise 
formed 

Many of the welds are quite short and have to be 
made by hand equipment \ rapidly increasing pro 
portion of all hand welds is now made with iron-powdei 
electrodes, because high peed is attained, welds are 
of high yrade and considerable result 


Herbert Chase, tant 


Fig. 1. Using Lincoln Jetweld iron-powder electrode to 
make plug welds around stud ends where they project through 
holes in the outer wa!! of a Diesel engine exhaust manifold 
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Morse & Co Many of the 


Fig. 2. Fillet welds at inspection port rings of manifolds 
made with '/;-in. iron-powder electrodes. 


(mong assemblies on which many welds are made 
with the iron-powder electrode are double-walled 
box section exhaust manifolds produced in several 
lengths up to 18 ft over all, cooling water being ci 
service Walls of 10 


gage steel are spaced apart by numerous short stud 


culated between the walls i 


whose inner ends are joined to the outer face of the 
inner Wall by fillet are welds These studs are spaced 
so that they project nto holes pierced in the outer 
walls, and when the latter are put in place, the outer 
ends of studs are plug welded with '/s-in. electrode 
to the outer wall as shown in Fig. 1 

Manifold inspection ports are formed by flame-cut 
rings which, though of generally circular shape, hav 
an irregular contour to provide extra metal around 
holes for studs ‘These port rings are joined to inner 
walls by fillet weids and project through holes in the 
outer wall where a '/s-in. iron-powder electrode is 
used to make fillet welds as shown in Fig. 2. Such 


welds are made about 25°) faster than when conven 
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Fig. 4 


fuel tanks to mating 


Plug welds made by hand help to fasten covers of 


structure 


Fig. 3. Welding side rails to the edges of the formed hape \bout 60 , is made in fabricating 
sheet of oil pans rank ure made hy in. iron-powder 
electrode | ipplications are 
tional ele trodes are ised ( these ( lal ited pint mil nent chiefly by 
which approximate & in dia el require hand yvelding th entry electrode Covers 
two electrodes where before | nree ¢ it for ich I pi ed th | ‘ measuring about 
per port fesicle thi the eld e of | lett ug weld he cover to mating 
quality al d avoid weld patt Live iterior re ( \\ nown i lig | 
formerly required is not needed I} eld hie urn d ed here as in the 
vith rol powde! ectrode ‘ le rea na ell rie rene and time and 
quality to submerged are weld the quality is attaimed 
velds are made ng le being ied espe (‘omp e freedom from 
i. Tal ot oil pa i ho | ) pa dt patter removed 
rails to e-ll teel plate formed to halt | effeet further 
BY MACLEOD Connecting rod une make thi 
wheel 
Removing Bearing Cups ~ Welding Fenders 
P HOW € 
to 
re il ricle t is best to 
t ‘ t t 3, in on the toreh 
Wi ‘ ented in Bolt ) a tL spread ind cause 
tu 4 %in Shalt small tip also 
e the et OK / etal 
Casters oy 
if te the sutomobile bump 
est gt ed repair, They 
Cylinder Head Stand on steel and it ie 
eviinde ead stand wi nnect Once tl le fieult t i eld them Suild 
in i ule t ind t t on one side to a 
four nd at it It tat t th raze weld 
whee eld ut to! in 
A. MacLeod 6 4 
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DOING IT BETTER 


Through constantly improved methods, the Ryan 


ated with Aeronautical Co., San Diego, 


William Brotherton 
alif 


Aeronautical Co. of San Diego, Calif., is saving 


time, space and material in production. These savings 


are accomplished through a coordinated program 


Fig. | Old way...Two men needed to seam weld large 
fuel tank. Operator (right) signaled helper to move tank 
right or left to keep seam weld straight and prevent 
spiraling weld seam 


Fig. 3 Old way...lnner combustion chamber for jet 
engines is spot welded with individual spot welds on stan- 
dard machine. Previously, shell, cap and exit body had to 
be aligned in a fixture and spot welded together. System 
required two employees and involved many operations 
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Fig. 2 New way...One man does the job. He controls 
tank alignment with valve temporarily located on seat. 
This actuates air cylinder mounted on rear of fixture to yaw 
tank. Even sharply tapered tank sections are smoothly 
seam welded with this simple control system 


Fig. 4 New way...Special machine aligns and spot 
welds inner combustion chamber assembly, making four 
spot welds at once. Perfect alignment is achieved by 
expanding inner arbor. Part is rotated to make 32 spot 
welds. Operator is relieved from tiring, precise work 
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earried on by the Methods Engineering, Preduction used to produce every product The production 


Engineering and Production department employees, being closest to the ene of action, are the 
The methods engineet ire charged th deve ping most lucrative ( I iggest on how the work 

production layout recommending ne machine ind may be impro 

improving method They stin te the flow of new Some typ! f the improvements brought 

ideas from emplover nd putting ther Lo about throug! he Close Coope tion of these groups 

effect The production engineer ork closely th with regard to the produ of welded parts are 

methods enginee ad ae elop the too ind fixture illustrated in Fig | through 8&8 


Fig. 6 New way Fast consumable electrode inert-gas- 
Fig. 5 Old way...Manual method or arc welding stain shielded arc-welding method and special positioner pro- 
less steel nipples for exhaust systems took 3 min with foot duces a better part in just 7 se New method eliminates 
controlled rotating device, plus finishing time machining and saves manufacturer approximately $6000 a 


month in cost 


Fig. 8 New way...Welding machine makes 12 spot 


Fig. 7 Old way...Operator held and aligned outer welds at once with hydraulically operated electrodes. 
combustion chamber for jet engines while spot welding, Expanding arbor keeps parts round and reduces rejects 
making one spot weld at a time. Job required skill to by 70%. Eliminating hold reduces fatigue. Parts are kept 
hold parts round. Handling tired operator uniform 
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Welding Show to Be Staged in Kansas City 


Continuing to test new frontiers for 
the spread of the science of welding, the 
AmerIcAN Soctery will hold 
ite next Spring Technical Meeting and 
the Welding Show at Kans Cts Mo 
from June 7th to 10t} 
show will be open during the last three 


inclusive. The 


days 
The Welding Show 
and demonstrates, under simulated fac- 


largest is emblage 


whi h displays 


tory conditions, the 
of welding equipment and accessories 
to be found anywhere in the world, is 
now in ite third year 

In previou ears, it was held in 
Houston, Tex., and in Buffalo, N. Y 
The decision to take the show to Kansas 
of the faet 
not only a 


City was made on the basis 
that the Mid-Continent is 
new area in itself but is only one day’s 
travel from most industrial centers in 
the country. The expanding industrial 
iveas of the South, the Southwest and 
the West will profit 
exposition and teelnical conference in 
the Mid-Continent 

Kansas City’s huge Municipal Audi- 
tortum will be the site of the exposition 


considerably by an 


Tentative plans also call for a number of 
special papers to be delivered in the 
auditorium, but the technical papers 
sessions will be held at the nearby 


Muehlebach Hotel 


Present indications point to the fact 
that the attendance will be the most 
impressive obtained for any welding ex- 
position thus far. Manufacturers of 
equipment and accessories are exhibit- 
ing considerable enthusiasm for the 
show, as indicated by the sales of booth 
spaces 

Prior to the first public announcement 
of the show, the exhibit space pur- 
chased exceeded the total at the 1954 
show in Buffalo \lore than 95 per 
cent of the available space in the Kansas 
City auditorium already has been pur 
chased and there is a likelihood that it 
may be necessary to redesign the floor 
plans to permit additional exhibitors to 
participate. 

Sections are being advised by the 
Society's headquarters to urge members 
who plan to attend to make early re- 
quests for hotel space. Although civie 
authorities have given assurances of an 
ample supply of rooms, hotels con- 
venient to the sessions and the show are 
limited and they will be assigned on a 
first-come, first-served basis 

Admission to the show will be free and 
factory supervisors are being urged to 
bring groups of younger men to the 
show to see recent developments in 


welding equipment and products 


New Council to Coordinate Technical Activities of 
the American Welding Society 


The American Sociery has 
announced the formation of a Technical 
Council to plan, review and coordinate 
all the varied technical activities of the 
SOCIPTY Kstablishment of this Coun- 
cil, will further increase the American 
WELDING Soctwry’s services to its 
members and to the welding and allied 
industries 

The new Technical Council is com- 
posed of leading authorities in the weld- 
ing industry The chairman is I 
Morrison of Morrison Steel Products, 
Inc. Members of the Council are 
R. W. Clark, General Electric Co . 
G. O, Hoglund, Aluminum Company of 
America; J. H. Humberstone, Air 
Reduction Sales Co., Inc., president of 
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the F. L. Plummer, Hammond 
Iron Works, junior 
the Socirery; J. G. Magrath, secretary 
of the Socrery ind S. A 
Greenberg, technical secretary of the 


past-presi lent of 
officio 


Socirery, as secretary for the Council 

It is expected that forming the new 
Technical Council will assist in planning 
and expediting the growing number of 
technical activities and services spon- 
sored by the American WELDING 
Sociery. 

In recent years the tremendous 
growth in activities has required the 
formation of many new committees, 
subcommittees and task groups, In- 
creased demands for authoritative weld- 


ing data and information by industry 


Society News 


REMINDER 
TO AUTHORS 
FOR 1955 AWS 
NATIONAL FALL MEETING 


Authors who plan to 
propose papers for the 
1955 AWS National 
Fall Meeting in Phila- 
delphia are reminded 
to forward their ab- 
stracts to National 
Headquarters _ before 
the March 1 5th dead- 
line to assure full con- 
sideration. If needed, 
additional copies of the 
Abstract Form may be 
obtained by writing to 
National Secretary 
Joseph G. Magrath, 
American Welding So- 
ciety, 33 West 39th 
Street, New York 18, 
New York. 


and code writing bodies has multiplied 
the work and output of the Soctwry’s 
more than 100 technical committees and 
subcommittes, In the past ten years a 
few of their accomplishments have been 
the writing of ten new filler metal spe« 

fications, a building code for structural! 
welding and the preparation of a cor 

Work is 


already started on a similar manu il Lor 


prehensive brazing manual 


soldering. 

To provide another outlet for the 
great increase in technical papers, a 
second National Meeting was started 
two vears ago. At the same time the 
new National Welding Exposition was 
organized to operate in conjunction 
with this National Spring Meeting 


THe WELDING JoURNAL 


3 


Aircraft and Rocketry Session Sponsored by AWS research welding enginess, Jvosth 


Ame in Aviat Ine., Downey, Calif 
at Western Metal Congress Silver A Brazing of Electrical 
Connect Leon Shafin, brazing 
«engineer, Gilfillan Radio Co., Los 
M LI 
Welding of Airframe 
nstitut mit st t Samuelson, weld 
nth Woat me > Aireraft Co,., San 
liego. ( 
Cong lita Ale Fusion Weldability 
2st! el 
Hot ("| es W. H lova, metallurgist, and 
Ninth Western Met Me research welding 


North American 
Calif 


PRECISION BUILT GEAR DRIVEN 
POSITIONERS with Magnetic Brakes 


HEAVY DUTY PRECISION BUILT 
RUBBER TIRED TURMING ROLLS 


UMIVERSAL BALANCE POSITIONERS 
é Manual and 
to 2,000 Ibs 
f t ers. Alse 
~ ps, Floor 
t and Bench 
HEAD AND TAIL STOCK POSITIONERS 
Tract ni ree TYPE TURNING ROLIS fer tank fabricatie 
TracTred ENDLESS Bf TURWING ROLLS for thin walled tank fabrication constant and variable speed 
apa y 


ronson MACHINE CO. ARCADE, NL 
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structure in the wester; tates POW Tit 
Both Exposition and Congress v = eae 
be presented by Ame in Societ or 
\letals. ooperat of AWS and 
19 other technical societic ; 
vest We ing and Manuf turing Ce i 
AWS Los Angeles Section. | Other Ir. Hiemke’s general pr 
Hugo W. Hiemke. of ¢ fornia Allo rat 0 ttee e R. A. Ha el Z ‘ 
Products Co., Los Angeles, to serve a yineering e representative. Linde 
progra harman fo AWS ¢ ongre \ rt na Fran \ 
Hiemke t hive named Southern ( inager of Victor 
engineer, Dougla \ rait Laon I H md My Meredith an 4 : 
Beach, Calif is cl i! the a nee the ng paper be 
crait-—rockets ( Have ered the WrLpINnG Socrery 
ing engineer, North American Aviatior \ of 24ST Alu 
Ine., Downe Calif hief num A Jo} Bradford Arthur Richard C. Hayes 
for Automatic Welding or for Manual Welding aa 


The Inquiring 
Weldor 


Question: What advantages have you obtained by 
standardizing on “Low Amp” EutecTrodes in your 
maintenance weid 


Richard Marshall, Detroit, 

ich. My compa makes 
thermosta birneta prod 
ucts and | freque sve 
t weld er y 
ree find that Low Amg 
ButecTrodes make welding 
easier and faster Here 
example. Before 
bimetal strips co the desired 


them through a furnace. The 
muffle w the furnace on one 
wket on the other were con 


dimensions we ft 
flanges that hold the 
end and the warer 


tinually breaking off To make the repair we'd have 
to wait until the furnace cooled, dismantle, repair 
and the reassemble Using ChamferTrode and 
EutecTrode | make the weld in position and 


the weld lasts as long as the muffle itself 


Question: How has your 

es work in the forging shop 

been simplited with ‘Low 
Futec Trodes 

= Roy Brandon, Dearborn, 

Mich. The cutunge edees on 

hrome moly tee! forging 

dic ed ¢t forge connect 


ery often. Weve had very 
good resules using EurecTrode *680. The welded 
dies last as long or even longer than new dies A 
second is the piston rod of a 
4,000 pound ait hammer which breaks quice often 
Normally a new rod would have w be installed 
or, the broken rod removed and sent to a special 
welding shop for repair, We do the job ourselves 
and have been getting very good results 


troublesome job 


Question: Has 
your repair work 
William Gomer, Providence 
le certainly has. Here 
an example Ve recent 


time in 


helped you save 


had to remove the 1 
sleeve inserts at the ends of 


the 4” thick ma shaft of 


a huge cement mixing and 
laying machine On one 
end, we used a hammer 
and chisel and i wok about hours of hard 
work w do the job On the other end. 1 used 
ChamferTrode and removed the insert in about 7 
¢ machine, straight polarity 
The insert was removed clean 
lamage to the shaft Whar a 


time, money and hard work 
Question; Whar has been 
if experience in working 
nm refrigerated truck 
Reginald Rorer, West Haven, 
Conn. | had one job that 


was real cough The alumi 
num racks on the inside of 
‘ ef rigerated k had 
worked se and had to be 
repaire The track » the 
floor of the truck al ceded repair | cried half a 
doren different aluminum we rods but they 
exher wouldnt bond or gave too much spatrer. | 
tried Putec Trode If and got a perfect job 
The slightest warping would have ruined the job 
bute with Purec Trode there was nO warping 


mo spatrer and made an excellent bond 


TEMPERATURE WELD 
ING ALLOYS clear up 
welding headaches mini 
mize warping, distortion, stresses 
time ond money 
aluminum, 
alloys at 
temperatures melting 
points and for stronger, safer production 
and maintenance welding just write “Weld 
ing Dota Bank’ for your tree copy of ‘1954 
Welding Dota File’ on your jobs 
Copyright 1954 


EUTECTIC WELDING ALLOYS CORP. 
40-40 Flushing NY 


md embrittlement. For 
saving help on welding steels 
problem 
base 


cost iron and all 


below metal 
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BY JOHN WILSON——~ 


H. L. Meredith 


yew 


Full 
for Aireraft 


Automatic Weld 
ind Missile 


Tooling 
Joiner 


Byron Russell, owner-operator, Airline 
Welding Co Hawthorne 
Metallurgical Aspects of Silver Braz 
ing Titanium to Titaniun N. A 
Tiner, metallurgist, North American 


Aviation. Ine Downe Calif 


With the 
gress sessions held mornings and after 


attendance 


Society's Con- 


noons only, those in 
have opportunity to 
Western Metal Exposition in Pan 
Pacific Auditorium on evenings and the 
(April Ist) of the show 


final Friday 


run, 


Among other valuable features the 
Exposition will contain seores of new 
welding developments and m 


in pro 


duction features evolved in the ist 


year by the aircraft industry 


It will cover 150.000 sq it, a the 
Admission 
free to members of Ameri 
Metals AMERICA™ 
Societ 
Ameri in| 


Society, all of which 


same floor level 
registration 
ean Socety for 
WELDING Sociery 
destructive Testing 
men 
SCSSIONS is parts of the Congr ind 17 
other technical groups 
will issue invitations for plant operator: 
and engineers to attend 


No formalities of an) 


required to enter any session th 


Congress at the Ambassador 


American Representatives 
of IIW Selected 


Several vears ago the 
ties of the Free World 
and formed the International 
of Welding. Membership in the In- 
stitute was an invitation affau 
limited to those org 


could he lassified is 


elding 
together 
Institute 


ind was 
inizations which 
weld hy engineering 


societies and welding research organiza- 


tions 
The United States was invited to 
ioin, with the American 


the Welding Research Council 
Ship Structure Committee 
hip on behalf of this 


POCTRETY 
ind the 


recepting member 


eount! 

The ILW accomplishes its main pur 
poses through a group of Commissions 
In the United States these Commissions 
would he ealled committees Keach 
eounts is allowed to name onl one 


representative on the Commissions 
ilthough these 
accompanied by an number of ¢ yperts 


that 


representative ma bn 


seem desirable Keach country 


however has onl one vote 


After a period ol several vears of! 
trial ind error the Institute found it 
necessary to modify thei setup ol 


Commissions combining ome and 


creating new ones from Sul 


The latest list of Commi 


CODDMISSIONS 


ons and the 


American representatives on these 
groups are as follows 
Commission I. Gas Welding and 


Allied 


sistant 


Herman | 


Development 


Processes limer, as- 
and 


Prod- 


Thanager, 
Engineering Service, Linde Air 
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on Commissions 


W. Spraragen, Secretary of American 
Council, IW, and Howard Biers, Presi- 
dent of IIW 


ucts Co., 30 E 
17, N. ¥ 
Commission II Ar Wi 
John J. Chvyle, 
research, A, O. Smith Corp., M 
kee 1, Wis 
Commission III 
Welder and 
cinnati 10, Ohio 
Commission I\ 


St., New York 


director ol weld 


Resistance We 
Jone 
Machine Co C'y 


ing —T president, Pre 


emion 


Documentation 
No representative appointed 
Commission V Testing, Measure 
ment and Control of Welds—-A. Gobus 
North American Philips ( 
Ave., Mt. Vernon 


director 
Inc., 750 S. Fulton 

Commission VI 
A. Cordovi, chief metallurgist, Bab 
cock & Wileox Co., Atomik 


Terminology —M 


THe WELDING JoURNAI 


: 
: 
/ 
: _ 
; 


Div 
AN. Kugl 
Re t 
Ce af 
Sa fe H 
Internat 
‘ 
( 
Depart t 
ng, Lehigh | 
ind 1). P. 
Ame | 
( 
A. ©). Smit 
W 
We Rese : 
st 
Boil 
vod, Ame 
St 
( il 
res { 
1305 
ing P 
Dept., Air Re 
4 Hill, N. J 
Comn 
ing—A. M. I 
hor 
New Y N 
tion —P 
Inst ite 
Ma 
Desig | 
Washinet it's the coolest, lightest, most durabie 
25, D. ¢ electrode holder on the market. 
| the ITW hold Cong 
erent int Actual! For further information on the 
accepts the invitation of some spect CADDY TEST INSTALLATION PROGRAM 
‘ t el t ig! t 
oral ires the Central Office of the in your plant—write 
the nec t 
( he Flore : ARC WELDING ACCESSORY DIV. 
‘ falle CADDY ARC WELDING ACCESSORY DIV. | 
Ce ERICO PRODUCTS, INC | 
1s 21. Spain 7, United States 1 ERICO 2070 E. bist. PLACE CLEVELAND 3, OHIO 
Finland 10, France 52, Great Britain 54 PRODUCTS 1 am interested in CADDY TEST INSTALLATION PROGRAM | 
Ita 87, Japan 4, Norway 29, Nethe 7 Send CADDY CATALOG | 
land ) sweden 46, Switzeriand 
Czecho ikia 1, Turke 2, Urug INC. NAME POSITION ; 
For the first time, a in be see 2070 &. 61st. PLACE 
from the above, the United Stats CLEVELAND 3, OHIO ADDRESS | 
a sizable delegatior The 1955 ( ; ie 
gress \ he held in Switzerland. Set ary ZONE STATE 2 
Feprvuary 1955 Societys Neu 


The ILW has a general secretary, G 


Varsloe, who is also secretary of the 
british Institute of Welding. In addi 
technical secretary, A 
Leroy director of the 
French Institute of Welding 

It hecame ¢ that it 
desirable to have an American 
which 
cide upon the 


tion, it has a 
who 
vident would be 
group 
meet to de 


would occasionall 


ction to be taken by the 


American representatives and delega 
tions. This group was organized in- 
formally It now seems desirable to 
formalize the existence of such a group 


ind attempts are now under way to give 
formal standing to this group under the 
of the ITW 


will be prepared and will 


name “American Council 


Simple rule 
be submitted to the American WeLp 
Welding Research 


Ship Structure Com- 


ING Boctwry, the 
and the 
ratihication W Spraragen, 
director of the Welding Research Coun- 
elected as 


Couneil 
mittee for 


ceil, has been secretary 


On the Governing Council of the ITIW 
three 
tives, namely 

Plummer and W 
years Mr. Biers served as one of 
IIW and the 
Deen honored 
president of the 


American representa- 
Howard Biers, F. L 


For sev- 


there are 


Spi irugen 
eral 
the viee-chairmen of the 
United States has recent 
through his selection 

The American representatives on the 


Ameri an Coun il 


various Commissions are selected 


by the 
other responsibilities it will te they job 


and among 


to evaluate the work and 


objectives 
accomplishments of their particular 


Commission from the American view- 
point 

Any company which desires to take a 
iffairs of the 


smentist 


more active part in the 
or any 
would like to attend the 
Zurich should 


cate with the secretary of the 


engineer or who 
(Congress in 
Switzerland, communi- 
\merican 


Couneil 


THINGS YOU SHOULD KNOW 


During the National Fall Meeting at 
(‘hieago, on November 4th both out 
going and incoming Boards of Directors 
held cheduled 


meetings. Among the 


transacted, 


many routine busine tas 
were the following of rea! interest to all 
AWS Mi miber 

Two new AWS Sections were given 


official unite ol 


AWS 


ippro. il to organize as 
Madison Section 
with headquarter it Madison, Wis 
ind the Santa Clara Valle Section with 
headquarters at San Jose, Calif 

A group in Omaha, Neb., has 
with all the by-Law 
was given official 
in AWS Section just is 


namely the 


met 
provision und 
ipproval to operate as 
s00n as it 
permanent officers are elected 


Due to prolonged illne G. H. Gar 


rett, director-at-large from Denver 
tendered hi resignation from 
It was regretfull recepted 


the Board 
created by Mr 


lo fill the vacan 
(jarrett’s resignation, the as 
permitted by the By-Laws, elected 
James Karthman of Houston, Tex., to 


serve as director-at-large 

The Board voted to establish the 
Technical Council as a 
May 1955 in 
order to give it a chance to organize its 


activities and method of operation. At 


newly created 


Spec ial Committee up to 


that time it is planned to recommend 
that the Technical Council function as a 


Standing Committee of the Soctrry 
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1955 


paper SCS- 


decided to hold the 


Spring Convention technical 


It was 


sions, committee meeting social activi- 
registration at the 
Hotel Muehlebach, in Kansas City, Mo.. 
rather than at the Auditorium 


costly to the Socrery it 


ties and meeting 
in June 
While 

ywgreed by all that a more pleasant con- 


tilable to 


was 
vention would be made ay 
AWS Members in a hotel 

President Fred L 


itmosphere 
Plummer, 1952-54, 
report to the 
Address” 
Vote: Full 
the January 


presented his 
Board It 
it the Business Meeting 
text has been printed in 
WeLDING JOURNA! 
National Secretar 
sented his annual report to the 
It included the 
Committees 


served as his 


Joe Magrath pre- 
soard 
Standing 
\lembers 
tten re- 

The 


tilable 


reports ol the 
Nort 


send their wi 


who 
wish copies ma 
quest to National Headqu irter 

Secretary's report was made ay 
it the Annual Business Meeting 
The toard 


preciation to 


expressed its 
President Plummer for 
his superb leadership during his two 
othice und 


with an engraved gavel and block, in a 


le ep ap 


terms ol presented him 
case, asa memento of his ch 1irmanship 
of the Board of Directors, 1952-54 

The 1954-56 Board unde: 
President J. H. Humberstone, 
confirmed the Roger W 
Clark to the office of director-at-large 
of C. P 


the direc- 
tion ol 
election ol 
term 


filling the unexpired 


Society News 


CHECK THESE EXCLUSIVE 
ADVANTAGES of the NEW 


HI-AMP 


HOLDER 


-and You'll 
Wonder Why You’re 
Not Using them Now! SS 


® Spring completely enclosed and insu 
lated. Cannot be knocked or shorted out. 


@ Spring adjustment screw for ease of re 
placement and adjustment to rod size 


@ Handle cannot absorb moisture-with 
stands higher temperatures. 


@ Tip Insulator reversible for longer serv 
ice life. 


@ Low Trigger for ease of rod-relief-cuts 
down operator fatigue. 


® Slender rod gripping tonges to get in 
tight places. 


Sold only throwgh Welding Supply Distributors in 
the U. S. and Canada. 


WAGNER 
MFG. CO. 


350 W. Ist SOUTH ST. 
JACKSON, MISSOURI 


who was, in the past nationa 
director-at 


Sander 


election, elevated from 
large to second vice-president 

The Board adopted 1 ruling in regard 
to SOCIBTY policy on news items mh 
radio broadeasts considered detrimenta 


Head juart 


to welding, as follows 
stall 


regard to news items 


inform 
| 


Miko 


upon receiving 
ete., detrimental to welding, sha 
notify the 
Relations Committee 


mediate] SOCIET) 
who are aut 
ized to take action deemed to be 
interest to the SocieTy 

President Hurmbs 
the chairman of the Chicag si 
tion, Amel R. Meyer, to « f 
meeting of District Number 7 Executi 


rstone 


Committee, with dut to appoint 
district director to fill the unexpired 
term of J. B. Weleh who was foreed ts 
resign office due to ill health 
It w voted to hold the 
Annual Meeting in 1955, in 
Kansas City, during the 1955 Natio: 
Spring Meeting. 
The next Board of 
was scheduled to be 


ham, Ala 


June if 


Directors meeting 
held in 


on Friday Feb 3, 1955 


Birn ing 


THe WELDING JouRNA! 


| 
VA?) 


Page Welding Wire 


PAGE CHECK-OFF ug 


Check the welding wire you use: 


Heavy submerged arc 


\ Light manual submerged are 

16” ID X 4” 
Layer Wound inert gas manual or automatic 
60/100 Ibs. 


TO BUY IT___ 


22” ID x 4” 
Layer Wound 
125/200 Ibs. 


ID X 2%” 
25 


12” ID REEL 


PALLETS: 1000-Ib., 2000-Ib., 
Layer Wound i} 


3000-Ib. Wire is wrapped 


a5 
in waterproofed paper 


LEVERPAKS 
LEVERPAKS Perfect protection 
Reclosable. Keep | 
wire moisture-proof 


indefinitely 


against coil 
distortion 


or wire rusting 


CARBON STEEL*® Any carbon from STAINLESS « AISI —308, 309, 310, 
Armco (.025 max.) to high carbon 316, 347, 410, 420, 430 and 502. 
(.90-1.10). Allstandard AISI analy- Other types on request. 

ses in between. * PAGE also offers all of these analy- 
LOW ALLOYSe All the most popular ses for oxyacetylene gas welding, 
welding grades. metal spray wire, or bare electrodes 


Wrile today for detailed literature and prices 


/¢m Page Steel and Wire Division 


AMERICAN CHAIN & CABLE 


pel A Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston 
TRADE Cia Los Angeles, New York, Philadelphia, Portland, Ore 
um NS San Francisco, Bridgeport, Conn 
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Organization Changes Made 
by Metal & Thermit 


Metal & Thermit Corp New York 


announces several changes in ite sales 


organization due retirements and 


promotion These change eftlective 
Jan, 1, 1955, are as follow 

John B. Tinnon, vice-president and 
chief sales executive, who has been with 


Metal & Thermit sinee 1924 
will remain with the 
consultant Mi 
director and an 


the AMERICAN WELDING 


retires but 
organization a8 a 
Tinnon w a former 
honoral member of 


SOCTR TY 


Donald K. Morgan, formerly with the 
Kirby Machine Co., and «a sales con 
sulting engineer lor several years, is pro 
moted to general ile manager 


Morgan has been chief assistant to Mi 

‘Tinnon 
{) Howland 
| 


of the compan 


formerly manager ol 
we division 
istant to the general 
wale manager with 
Kast Chieago, Ind 
Merritt I Smith 
vertising and ile 
the additional duti 
to the 


continue to make hi 


is promoted to a 
headquarters in 


manager of ad 
promotion, assumes 
ol eastern assistant 
general sales manager, and will 
he viquarters at 
the « ompany main office in New York 

Robert ‘I Metal & 
Thermit district manager in Pittsburgh, 
Pa., is 


manager of sale 


Brown, former 


promoted to the position of 


of the welding division 
with he viquarter in Ne York 
Kenneth H 


ith the 


iles engineer 
Pittsburgh 
been mnoted to 


Pitts 


compan nm the 
area since 
the of chatriet anager at 


burgh 


B. & W. Chief Engineer 


Cieorge W. Kessler has bes 


a 


chief engineer of the Babeock & Wileox 
ol wecording to an 
inl harge of 
engimeer 

\ir. Kessk itive of St. Louis 
yomed Babeock & Wileo wn 
ipprentice engineer im hortly 
ifter graduation m the University of 
[lines He gained expenence 
in Various department nelucding sales 
inalytical engimeering inal 
proposition, before bemg named an as 
sistant chief enginecr ¢ the clivision 


in April 1953 


RWMA Elects Officers 


J. C. Wilson, Jr president of Aero 


Welder Manufacture Co., Milwaukee 
Wis., was elected president of the Re 
sistance Welder Manufacturers Assn. at 
their Annual Meeting in Detroit re- 


centh 

Mr. Wilson served RW MA during the 
past year as vice-president and has been 
active in connection with work done by 
the Association’s Technical Committee 

lected to the viee-pre leney of the 
Association was David V. Uihlein of 
Janner Manufacturing Co 
in Milwaukee, Wis 

Mir. Wilson and Mr. Uihlein will as 
of Jan. 1, 1955 
The important technical and research 
Welder 
under the 


also located 


sume their offices a 


activities of the Re tance 
Manufacturers Assn. will be 


supervision of J. F. Deffenbaugh, Fed 
eral Machine and Welder Co., Warre1 
Ohio, for the next two vears 

Mr. Deffenbaugh has long been active 
in the work of the Technical Commit 
tee. He has served for the past two 
years as vice-chairman and now su 
ceeds H. V. Beronius, Jr., of the Weld 
ing Machines Manufacturing Co., De- 
troit, Mich., 
man during 1953 and 1954 

Under Myr Deffenbaugh’s active 
supervision will be the continued re 


vision of the RWMA Manual, which is 


now being 


who was committee chair 


rewritten and extensive 


enlarged; the development of addi 
tional technical bulletins: revised Stan 
dards and Specifications, and several 


research programs being conducted on 


Jefferson New Owner and 
Welding Engineer 


The MeGraw-Hill Publishing Co. has 
announced that it has ceased the publi- 
eation of the magazine Welding En- 
gineer, and that T. B. Jefferson, editor 
of the magazine for several years, has 
become owner and publisher with offices 
went into 


change 


in Chicago, The 
effect on Jan. 1, 1955 

MeGraw-Hill aequired Welding En 
ginecr in 1945 Mr. Jefferson 
of the magazine since 1940 
MeCraw-Hill with the pub 
ws editor Welding Engineer 
was started in 1916 In Chicago 

\Ir. Jefferson vho or 


editor 
came to 
ieation and 


‘mained 


Is 


behalf of the Association at universities 
in Ohio and Texas. 

Publisher of 
own staff, has appointed Fel T 
Tancula, now Chicago editor of the 
magazine, as executive ecitor A num 


ber of other members of the present staff 
will join the new company at the Chi 
cago headquarters, 12 ki. Grand Ave 
sefore joining Welding Engineer, Mi 
Jefferson had been in the welding field 
with the U. S. Army 


neers, a8 a civilian employee, 


primarily 
in enginee! 
ing and design capacities 

A native of Kansas, he is a graduate of 
Kansas Universit: it Lawre 


hanical 


engineering. He i the 
author of four book in tl 
held 


text 


ind co-author of a mechanical ce 


Good Luck, Ted! 
Tedd 


Jefferson ha ong coy 


wtive in the affairs of the Am 
CAN WELDING Socrery 

many contributions to the art 
acrence ol welding are we Kr 

to the industs We. the Fait 

of THe Wetping Jo 

joined by our associates at AWS 
headquarters in ext ft 
Ted” our warmest congratu 


tions and our sincerest be 
in his new role as owner a 
lisher of the Welding | 


The Journa Edit 


THe WELDING JOURNAI 
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Welding builds it faster, 
lighter and safer... 


and RADIOGRAPHY 
checks each weld. 


I, swims. It climbs. It fights. It’s tough and olves problems that would make jobs like thi 
strong. For, from stem to stern, this L. We irtuall 
is welded . weld shoy ith sm 
Welding saves precious veight and countle are findin radi raphy 
man-hours in construction. It avoids the rivet Du nn reputations to 00 h i 1 lor 
and bolt vhich become as lethal a re frags ‘ du int ew held if 
nents under sh ho | 
With Radiography checking for soundne ease yvour bu 
welding continually finds new rk tod dealer. He'll gladly talk it 


RADIOGRAPHY 


... another important example of photography at work 


EASTMAN KODAK COMPANY a 


X-ray Division, Rochester 4, N.Y. _ 
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ON MARKET’S MOST VERSATILE. 


NICKEL-SILVER BRAZING ROD 


BRAZES 14 METALS... 


Car 


HAS THESE MANY 


INCOMPARABLE CHARACTERISTICS 


SEND FOR Complete Application instructions 


ALL-STATE WELDING ALLOYS CO. inc. 


WHITE PLAINS, WN. Y. 
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Scott-Foster Headquarters 


Scott-Foster Ltd has erected a new 
building at 1215 Clark Dr. in Vancouver, 
B.C. The new houses 3500 
aq ft of office space and 4000 sq ft of 
is constructed of 


structure 
warehouse, and con- 
crete block It has offices and display 
area on the main floor, and warehouse 
space on the lowe: Sales counters are 
arranged on both floors for the maxi- 
mum (one 
of the features of the new building is 


convemence of customers 


which has 
facilitate 
training and 


booth 
order to 


the demonstration 
been provided in 
customers, to help in sales 
as a location for tests for visiting out-of- 


Modern 


welders and 


town welders rectifier or 


transiormer type are new 
oxy-acetylene torches are available for 
working demonstrations. Loading facili 
ties are the best possible with a deck 
level lowered driveway. Parking space 
is provided on the company property 

C. A. A. Lind, Scott- 
Foster, is a member of the Puget Sound 
Section of the American We.pIna 


SOcIeTY, 


manager of 


Canadian Welding Awards 


The Awards Committee of the Cana- 
dian Welding Society, with the support 
of Society Chapters 
Member Companies 


and Sustaining 
announced 
first 
competition 


1955 


have 


their intention of initiating the 


Canadian technical papel 


on welding subjects during the 
winter season 

The program has been developed to 
promote the growth of the welding and 
and to 


fabrication industries in Canada 


publicize and reward individual and 


company progress in the fields of weld- 


ing design, manufacture and main- 
tenance 
The competition is open to everyone 


engaged in the welding or associated in- 


dustries in Canada and the classifica- 
tion of competition has been designed 
to offer equal opportunity of monetary 
reward to all sections of the industry 

Entries in the competition may refer 
to anv of the processes of welding, cut- 
ting or brazing utilizing any source of 
heat 

Complete details of the competition 
may be obtained by 
Awards Committee, Canadian Welding 
Room 423, 73 Adelaide St 
West, Toronto, Ont., Canada 


writing to the 


society 


Vews of the Industry 


Newest Submarine 
Nav y’s newest 


has been laid at 


Kee! 


submarine, the SS576 


plate of the 


the Crroton Conn.., shipyard ol the 
Electric Joat Division of Gener 
Dynamies Corp. This new Diesel 
powered attack sub is part of the inswe 
to Chief of Naval Operations Adi 
Robert B. Carney’s recent eall for more 
up to-~<late submarines to meet the 


threat of the growing underseas fleet of 
Russia 

the 45-ft 
lowered into place on the building wa 


Accompanying picture 


section of keel plate being 


As yet unnamed, the 576 is an improved 


version ol the famous Tang class, ce 
veloped since World War Il, but ahve 


will have greater underwater speed 


Stud Welding Supplies 


Mobile Welding Supply Co., Inc.. has 
assumed the distributorship of 


welding studs and stud-welding equi 


ment manufactured by KSM_ Prod 
ucts, Ine., of Merchantville, N J 
They will earry a complete suppl) 

conventional welding studs and equip 
ment in stock at all times. While the 
will not be able to fill requests fo 


special studs, they will work close 
with the KSM plant to expedite delive 

of production requirements of users and 
this territory, it 


asserted by {ex 


prospective users in 


was Taylor, sale 


manager of KSM 


The area to be serviced by Mobil 
Welding Supply Co Mobile 
Southern Mississippi and Eastern Lou 
The ten 


be covered by 


includes 


sana western counties of 
Florida will 
Welding Supply Co., a 
company in Pensacola 
KSM also provides the services of « 
field engineer, Richard ! hie 
operates out of the KSM Field Office 


Birmingham, Ala. 


Pensacola 


bran h of the 


Paw ver 


THe WELDING JouRNA 


1-ROD MAINTENANCE DEPARTMENT 

ive pate ! 
aa 

| 

Finishes Jobs Faster 


part of the (ar nternat 
Trade Fair for the first time in 1955 
(org zed in ¢ t™ t t the { 
Welding S tre ect 
i cle t ‘ 
ment al ite ed it ( 
t ibs t t Ihe 
int ement B.A. G 
President the Ihe 5 
Trade Fair will be 
to June 10th in 7 t 

California Span Wins Prize 

Ten bridges in ten states from a field 
6S entmes were selected as the most 
beaut teel bridges in the u 
opened to trathe in 1953, in the Amer 
can Institute of Stee ( truct 
26th Annual Aesthetic Bridge Competi 
tion. Stainless steel plaque 
to the three top f Honorable 


Mention Certificates will be awarded ti 
the remaining seven 
The Winners (Class ll, for Bridges with 
Spans under 400 Ft., Costing Over 
$500,000) 

Ninth & Tenth St. Connections, Bay 


shore Free Way San Fran Calif 


Owner State of California designet 
Bridge Departme nt, Division of High 
Ways of California fabricator 


Bethlehem Pacific Coast Steel Corp 


= 


| 


This bridge was acclaimed by the 


not on i i winner but a the most 
naginative enti DeCIUNE 
nonest truct iral solution to a 
there rreat | the st t 
evel ti ig! bot} wie | | 
colur ire use thre 

It exe plifie the tre t} 
and integrity whiel 

mere the ten 

For t et ee Tue VW 
JOURNA Ju 1954, page 633 


Progressive Names Officers 


\t eet N IS, L954, t 
t | Weld 
\I lel t 
t 1) t 
pec tud 
, Picture above shows partial view of 
( t to tl ( 


Essex exhibit and men in attendance. 
Reading left to right, standing, mu es 


Andy” Axtell, Bob Fredricks, Tom 

the 

Riordan, Jerry Roth (All State Welding 

) 


Alloys) Leo Gorski and Art Wells. 


dent; Josephine Johnson, seer Essex Exhibit 
tant et ind Robert Bark } ex We Kquipment Co,., 17-19 
enern wer ene | N recently 
ed the ete welding service 
tie iipment at the Indus 
| tion New Jersey. They 


Anti-Borax Compound Co. rey + 
e exclu hatributors ol 
Expands ete ling Hobart Welding Equipment 


Che Anti-B Compound Co. | J \t the exposition, the 


ts recent purchase of th | new and improved 


nnoun 
nt velding equipment 
Cortland Welding Compound Co, Or ng july 


Cone the itat ling features of the 
ving of the Hobart 
{ Constant Voltage Gen- 


1 1954. it took over all of the latter 


; " erator unit conjunction with all 
typ t t ind semiautomatic 
In addition, the 

| on display their new 

H t Aut itie Head, Other new 
included DC 

Cr Rectifi trial Type AC Trans 
‘ the H t ‘Rocket 24,” a new 


e tact type electrode and a 


elr Wie ast fluxe in the int 


Ind Cortlar Welding Compound nd equipment 


plete welding accessories 
3 A. ( \ Axtell, president of the 
urge of the exhibit 


The litigation between National ¢ e 


KSM Transfers Engineers 


ng develop ( vie Batu istrict engineer tor 
ents, has bee ettled out of court | @, t Iris Stud Welding 
e agreement, and an orade l 1) been transferred from the 

ng ti t i mea | Let biel ea to the Chicago, 

Feder lichael | Igoe territor Ile will work out of the 
n that city which 

peed welding ess for common ste em l esota, Upper Michigan, 


heen everal Northern Illinois and 
ne pian tiv Lake irea Ol Indiana 


eciats the to use the Batu ber of the AMBRICAN 


e a t Bernard Welding Rolling, another district 
pment ¢ hie pecial electrode ‘ } Products. has been 
red ited equipment, melud t erre the Milwaukee terri- 

ne ! ati mine ce t to the Detroit area He will oper- 

M f i, W ty nuts te it of KSM Field Office in that 
tured | ard na t es the eastern section ol 


abhor ( ley | il Vestern Ohio and most of 


af el | i 

A Weldir ind Metals section will be oe 

Realig : 

the B 

: 

: 

Litigation Settl 

inder Cra nd Arthur A. Bernard 

the Ber i li | pment Ce ; 
ir 

(jas and Be Welding Equipment Indiana 
kent ry 1055 Vi if the Indust / 157 | 
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All the advantages 


Salesman on the Job, Bill Morley of E. R. Joseph Co., distribu- 
tors, is the man who sold Lehigh their A. O. Smith installation. 


— > Proot that only A. O. Smith gives you a d-c rectifier 


Big voltage “ripple’’ can keep your The cards are stacked against you 
welding in rough water! with most rectifier stacks! 


Selenium rectifiers last indefinitely if properly cooled. A. O. 


Smith does it with preferential cooling —the air is directed 


i Voltage output of saturable Veltage output of variable 

; reactor machine induction machine 

These odcillograms show why only A. O. Smith variable in- 


duction tranformers give you welding characteristics like 


those of meg sets. The so-called d-e output of some conven- 
tional reetifiers is composed of 35 at compare d to only 


6° we “ripple” in A. O. Smith's output. That's why A. O. 


Conventional Design A. ©. Smith Design 


Smith gives you a steadier are... smoother welding. 
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rotary welding equipment 


Lehigh Construction Company selects 10 all-weather A.O.Smith machines 


for work on large hospital-building job 


| ACKED by a ure at record ol successful ope r- 
Lehigh 


ation, Construction Company is 
widely recognized as one of the East's top con- 
tractors. It’s only natural that a stand-out 
performer like Lehigh should select stand-out 
equipment for its work. 

Lehigh recently purchased 10 A. O. Smith 


heavy-duty d-c rectifier welders. The units are 


More good reasons why it 


shown at left on a steel erection job for a large, 
new Philade Iphi i ho pital 


This job in iteelf illustrates one of the big ad- 


vantages offered by d-c rectifier welders. Lehigh 


operates 12 rectifiers off a singh 125-kw diesel. 


With m-g sets on the job, the same diesel will 


handle only 10 welders that’s two extra weld- 


ers at no extra power cost 


pays to operate A. 0. Smith 


heavy-duty d-c rectifier welders 


® LOWER OPERATING COSTs. 


fiers cost far less to run than either pas drive 


These recti- 


units or m-g sets 


®@ LOWER MAINTENANCE COSTS. A. O. 


Smith rectifiers are far simpler, much easier to 


service No trouble with electric motor or as 


engine, 


® PORTABILITY. Gas-driven welders and m-g 
sets simply cannot equal the compact, lightweight 


portability of A. O. Smith d-e rectifiers, 


weider with superior welding performance built-in 


first over the stacks. And that’s all the air (not just part of 
it in greater quantities and at higher elocitic 4 ©) 
Smith uses a full 1/6-hp fan motor th perma lubri 
cated ball beari and a big blad Man conven 
tional machines have only a | -hp on or What ore 
the air is cleaner because it's drawn in at the top of ul ' 

not from ground level, Add all these up md vou « why 
A. O. Smith warrants its rectifier stacl lor five 

Built by welders for welders 

(ret all the facts about the complete line of A. O. Smith a-e 
ind d-e welding machines, electrodes and supplic / re 
huilt by welder lor welders! Call your nearest tribu 
lor of rite A. O. Smith Corp., Welding Products Division 


Milwaukee 1, Wisconsin 


Thre ugh research a be ller way 


WELDING PRODUCTS DIVISION 
Milwaukee 1, W sin 


INTERNATIONAL DIV 


ON MILWAUKEE WISCONSIN 


Le 
: 
A 0. 8: = 
Fepruary 1955 159 


THe JoURNA! 


TALOG OF WELDING 


New Headquarters Building 


After a number of vears with offices in 
five different buildings, Union Carbide 
and Carbon Corp. has consolidated its 


Cleveland offices in a new, modern 


WRITE FOR YOUR DISTRIBUTORS NAME 


AND OUR COMPLETE CA 
AND CUTTING EQUIPMENT 


office building and distributing center 
at 1300 Lakeside Ave 


The building is located on a plot of 


land large enough for possible future 
expansion Part of it is a one-story 


office and stockroom, the other part Harnischfeger Appoints Strehler 


is a two-story office building. It is of 

steel frame construction with brick Harnischfeger Corp. has announced 
masonr walls using Norman-type the appointment of C. R. Strehler a 
bricks, Special features provided for sales representative of the PRH Welding 
the convenience of emplovees include Equipment Division for the Stat 


Michigan Mr. Strehler is well know: 


complete air-conditioning, fluorescent 
in the welding industry in and around 


lighting, ample parking facilities and a 
the Detroit area through his associatior 


with Weldit, Ine., of Detroit during the 


lunchroom 

The new headquarters houses all the 
Divisions of Union Carbide now located past ten years. Mr. Strehler will have 
in the Cleveland Area. These include 
Bakelite Co Carbic ind Carbon 
Chemicals Co., Electro Metallurgical 
Co., Haynes Stellite Co., Linde Ai 
Products Co. and National Carbon Co ® 


complete charge of all sales of P&H 
welders, electrodes and positioners i 
this area. He is a member of the 


AMERICAN WELDING 


Amweld Promotes Minnick 


The appointment of M. R. Minnick 

to the newly created position of vice 

Welded Diesel president —sales has been announced 

by W. J Sampson Jr president ot the 

Worthington Corp is now building American Welding & Manufacturing 

lor the Navy 2500-kw Diesel Co Warren Ohio Mir Minnie has 

generating unit for its Jim Creek Naval 

Radio-Transmitter Station at Arling 

ton, Wash It will be the largest single 

unit yet employed for this class of sery ot 
ice. This is one of Worthington’s 


most modern type SW-l4 Vee—-16 Pipe Specification 


line of Dockson Products to give you fast service and personal attention. 


YOUR DOCKSON DISTRIBUTOR —a selected specialist stocks a complete 
We back our distributors 100%. 


LOW COST— Replaceable, self-aligning seats; minimum of moving parts. 


STURDY CONSTRUCTION—Forged brass bodies, shatterproof gouges, 


dependable safety valves. 


been general manager of sales of the 


company since 1950 


cylinder engines The ASTM Administrative Commit 


This radio transmitter station is the tee on Standards this fall iccepted 


< most powerful of its kind in existence recommendations of Committee A-1 o1 
2¥ and first went on the air last year The Steel for one new tentative specihecatior 
SEE christening ceremonies were given con In response to a request from ASA 
235 siderable publicit m vit of the sta Sectional Committee Tentati 
=5 tion’s ability to transmit 1 tary radio Specifications for Metal-Arc We 
messages to air a we ea-born Stee! Pipe for High-Pressure Tra: 
= the world, veloped to fill a definite need Phe 
2 
= | The 3600-hp Diesel engine is now cover straight-seam double submerge 
being built at Worthington Buffalo ire-welded steel pipe 16 in. and larg: 
Works. While not the largest Diese! in outside diameter, with wall thick 
which Worthington has built, this en- nesses from */y to | in., imelusive 
gine will be Worthington’s latest type The pipe is intended for carrying liqu 
including such special features as high gas or vapor, and is suitable for bending 
pressure turbocharging and welded-stee flanging (vanstoning), corrugating ar 
construction. Electric Machinery Man similar operations, The Sectional Con 
ufacturing Co. is manufacturing the mittee hopes to refer to these specif 
generator and the switchgear is being tions in the next revision of the Code 
supplied by General Electric Pressure Piping. 
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You get 
extra strength 
with 


The Lending Browd 


The Leading Ma 


ynufacturer of Welding Fitting 
TUBE TURNS 
KENTUCKY 


A DIVISION OF NATIONAL CYLINDER GAS COMPANY 


DISTRICT OFFICES: New York + Philadelphia + 
Son Francisco + Seattle + Atlanta + 


de marks “tt” 
icable only 


and “Tuse-Turn” are a 
to products of Tuse Tans. 


UBE-TURN* WELDING TEES are drawn from seamless 
"Bodies to a barrel shape. This, and other design 
features produce high strength—averaging over 25% 
more than required by applicable standards. 

Specify TUBE-TURN Welding Fittings and Flanges for 
extra values: superior products, the exact fitting or flange 
you need from our complete line, outstanding engineer- 
ing service. Call your nearby Tube Turns’ Distributor. He 
is at your service! 


ys and Flanges 


Cleveland + Toledo + Chicago + Denver + Los Angeles 
Tulsa Houston Dalles + Midland, Texas 


ry 1955 159 
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Speed up 


your piping jobs | ete | 
with 


TUBE TURNS’ | 
SERVICE 


ENGINEERING SERVICE —tube Turns’ Engineering Service can 
help you on your piping projects. For example: Diagram above shows 
on application where TUBE-TURN* Welding Fittings and Flanges 
simplified the design and erection of pump piping. They save time, 
save space, and make the piping permanently leakproof and reliable. 
Ask your Tube Turns’ Distributor to give you the pump piping recom- 
mendations of Engineering Service. 


COMPLETE LINE SERVICE —You can make sure of getting the right 
fitting for each job when you specify “TUBE-TURN”. This is the world’s 
most complete line of welding fittings and flanges, including more than : AS ea ; 

4000 items, in all piping bad » and sizes. AVAILABILITY —Your nearby Tube Turns’ Distributor carries local 
stocks for fast delivery. Call him for good service in good connections 


DISTRICT OFFICES 


New York San Francisco 

Philadelphia Seattle 

Cleveland Atlanta 
Chicago Tulsa 

Denver Houston 


TUBE TURNS, Dept. O-1 


224 East Broadway, Lovisville 1, Kentucky Los Angeles Dallas 


Midland, Texas 


Please send free copy of “Allowable Working Pressures” 
* "tt" and “TUBE-TURN” Reg. U.S. Pat. Of 


Company Name 


TURNS 


City Zone State 
A DIVISION OF NATIONAL CYLINDER GAS COMPANY 


Your Name LOUISVILLE 1, KENTUCKY 


Position 


fa 
| “ = / 
| gre 
| cS F 
x 
. 
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District Sales Manager ‘ pe « iletely responsible for al Quaas had been manager ol the klee- 


uctivities of trode Production Diviston 


EE. F. Hannum has been appointed the MceKav Co. He is a member of the Before ji: gy Kutectic, Mr. Quaas 
district ilies manager in ol Awerican WELDING SOCIPTY pent i i metallurgical ob 
tario operations \VIanganal Weld f the nation’s large steel 
ng Products including the two new e His previous work also in 
that have just been eased — Flo-Kot ides extet etal quality control 
AC-—DC Welding Electrodes and ‘‘Wing McMillin Relocates work trode coating and 
Ding’ Individual Slip-Over Tooth Re inothe er ears a8 Research and 
pointer His headquarters wi ty Gordon MeMillu WOrkK ent kngmeer tor one ol the 
Clevela Ohio gel th General Steel Casting rye t elect manufacturers 

Mr. Hannum has been with the Corp. at their | t located in Granite ir Qua i graduate of Newark 
Stulz-Siek le (Co of New N (‘it | joined Cana lian Car lec} \ | legree in Chemical 
since 1947 vering Ohio and Souther I’ngineering and has a B.S. degree in 
Micl ig | | iv Irom Newark 

eget Ingineering Quaas 1s 
e American WELDING 
ind i erved on some of ite 
Kaufman Promoted tte 

The tors of the McKay (¢ 
man ( Col il and 
dustr \ieKay Tire ¢ in 
Kauft ent ine! tP.G is been appointed 

ale nanu manager with 

ike f juarte the ¢ il ( | e and Fabricating 
execut { n Pitt { i] tu will be the 


{ the 


( { itic welding equip 
Four tc \ontre ion of their sales 


Quaas Promoted 


Joseph I 


esent nt 
Ka we ye 
Ick t H t hee 

1943 Mel 

t | tu national basis 
idu th the Westinghouse 
Ka ‘ e had 14 years of 
harwe | ‘ () t engineering expe 
{ t ‘ H 
the | (5 en active part in 
trode ( OcIETY activities 
50 eg i k, and is @ past 


Frontier 
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tour Name LOUISVILLE 1, KENTUCKY 


Position 


WIRE FEED ROLLS 
G-E FILLERARC 
EQUIPMENT 


GIVES YOU MORE 

APPLICATIONS 

FOR YOUR | 

BS WIDE RANGE OF WIRE SIZES—- .020 to .093—- HIGH WIRE-FEED SPEEDS—up to 

INVESTMENT are accommodated by the Fillerarc gun. Gun 1000 in./mt.—are realized with 
accepts even smallest diameter wires because  Fillerarc wire drive--making pos 
it feeds wire by pulling - prevents kinking. sible a wide range of applications 
| 


WELDING ARCS NEWS | 
: 
| | 
3 
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G-E high-speed Fillerarc process 
solves mild-steel problem at Lukenweld; § 
holds correct arc length automatically, 

to eliminate burn-back and stubbing | 


Fillerarc is General Electric’s equipment tor... proved at Lukenweld 

for consumable-electrode, gas-shielded weld Lukenweld-—to meet special production 
ing. It is semi-automatic and includes a requirements —fixed the Fillerarc hand gun 
self-regulating generator, a hand gun, and in a mount over a revolving positioner. 
a wire-drive unit which delivers wire-feed This positioner held the mpressor case. 
speeds up to 1000 inches per minute Now, since the gun was fixed, arc length 
Fillerarc equipment has been successfully had to remain constant. Otherwise, sudden 
used on aluminum, aluminum bronze, shortening of the arc could cause stubbing 
stainless steel, copper, magnesium, tita or a sudden lengthening could cause 
nium, nickel—-and recently——mild steel burn-back to the gun. In either case, time 


would be lost and the weld damaged. 


LUKENWELD DIVISION of Lukens Steel, 
Coatesville, Pa., recently began using 
held the desired arc length regardless of 
Fillerarc equipment to weld mild-steel 

adjustments in wire-feed speed. Burn-back ; 
compressor cases. According to John L 4 

: and stubbing were avoided 

Lang, Welding Engineer for Lukenweld, 
Fillerarc equipment was chosen over the 
submerged melt process for two main 


The Fillerarc generator automatically 


THIS 1S PROOF that an operator handling 
the gun manually doesn’t have to manipu 
late it to compensate for arc length or go 
back to the generator to readjust arc 
length. He merely sets the voltage and 
wire-feed speed, and aims the gun. The 
Fillerarc generator does the rest 

For details on the versatility of G-E 
REDUCED BURN-BACK and stubbing are Fillerarc equipment, see the story below. 
natural benefits of the Fillerarc genera General Electric Co., Schenectady, N. Y. 


reasons: easy control of the arc and the 
absence of flux. (Flux can be damaging to 
compressor components.) Welds were of 
sound quality, without undercutting. Com 
pressor cases passed 150-lb pressure tests 
and snifter tests. 


FOR FREE BULLETIN—SEND COUPON ON NEXT PAGE 


VOLTS—> 


| AMPERES ——» 
WIRE SPEED—> 
G-E SELF-REGULATING GENERATOR RISING VOLT-AMP CURVE of the exclusive G-E REMOTE CONTROL of wire-feed i 
is the only power source specially de Fill generator matche re curve 1lo¢ peed permits the operator to con ‘ 


signec r this proce Insures proper not get int ¢ and stub! re re trol i" te 1 current with 
vire speed Resulting high weld quality is uniform out returning to the generator, 


GENERAL ELECTRIC 


4 
a 
| : 
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Consider the payoff qualities you 
want in an electrode as representing 
the three sides of a triangle: speed, 
ease-of-use, and x-ray quality. Fre- 
quently, an electrode which 1s fast 
and easy to use does not deliver the 
highest quality and vice versa. So, 
the triangle has unequal sides. 
Now, with General Electric’s new 
Strikeasy LH-1! electrode, you get 
the closest approach yet to the per 
fect triangle, the perfect electrode 
You get the quality you expect from 


low-hydrogen electrodes plus the 
speed and ease of use that have 
given powdered-metal electrodes 


wide acclaim 


And Strikeasy LH-1 


electrode 


speeds deposition rates up tu 01% 
over conventional E-6016 electrodes 
by actual test. 
For more information 
Strikeasy LH-1 electrode, 
coupon shown below 


on G-E 
send the 


Your G-E welding distributor 
is located near you for fast local 
service. Ask him about G-E Fil- 
lerarc equipment and Strikeasy 
LH-1 electrode. His name is listed 
in the yellow pages of your 
phone book under ‘Welding 
Equipment, General Electric.’ 


Progress /s Our Most /mportant Product 


GENERAL 


Section £710-21, General Electric Co., 


Please send me the bulletins checked below: 


[) GEA-6028 and GER-903 
GED.2483 and GEC.1231 


NAME 
TITLE COMPANY 
STREET 


city 


Fillerarc Equipment 
Strikeasy Electrode 


ELECTRIC 


Schenectady, N.Y 


DRAG TECHNIQUE nat 
metal 
training. Slag is almost self-rem¢ 


X-RAY QUALITY is inherent to the low- 


hydrogen coating. Bad spots in base 
metal are absent from the weld 
6.58 
Lb 
Per Hr 


INCREASE 
OF 
61 % 


(Hg electrodes used in test) 


HIGH SPEED of Strikeasy LH-1! is du 
to metal powder. (Optimum current 
ac: Strikeasy, 300 amp; E-6016, 225 amy 


tral te | 


electrodes spec is det 


STATE 


Strikeasy LH-1 electrode adds 
ia 
| 
| 
24 Lb 
g 
¥ 


C. P. Sander (left), newly elected pres- 
ident of Woodcraft Rangers, receives 
gavel from Newton Withers, retiring apie 
after two-year term \% 


Sander Heads Woodcraft 
Rangers 


VO ng bn I 


2000 senior ipporting 
The Rang have a budget 
O00 ear to p | ! 


Now with WEST-ING-AR¢ you can weld mild steel 
up to 30 percent faster than with alternate processes 
Using straight polarity for fastest welding speed, WEST 
ING-ARC welds without spray, spatter or slag. No need 
for special surface preparation. Stable, intense arc permits 
low gas consumption. Welds are smooth, clean, ready to 
paint without grinding. 

Call your Westinghouse office today. Or write for fre« 
booklet, Things You Should Know About WEST-ING-AR¢ 
Westinghouse Electric Corporation, Welding Divisior 
P. O. Box 868, Pittsburgh 40, Pa. j 


you can SURE... 


Westinghouse 


*MIG: metal inert gas 


| 
t W ithe 
t returned to Pro- 
con EMPLOYMENT 
tributions to SERVICE 
BULLETIN 


Position Vacant 


Wi Bos. in Eleetrical 
leta neering with three 
itist ene ind an in 

i research 
Inert-C; Shielded Are Welding 

\\ nvolves projects in 

el esponsibility for 


planning 

rogram and analyz 
ta Salary com- 

nee and back- 

resume of 

istory to Per 


lwr Reduction Research 


re i ‘ i 1 to 
ake Zz of alum 
ce i desit 
‘ salary is 
\ i work 
il join 
tr ity 
i indu 
ire 
\ Depart 
it, Kai “rT 
\ W asl tot 


[ . Get the BEST for LESS 
RAY Get 
FLUX: “ANTI-BORAX” FLUXES 


Fully Guaranteed 


SAFE—NON-TOXIC 


No. 1 Cast Iron Welding Flu 

No. 2 brazing Flux 

No, 4 Braz-Cast" Flux for bronze welding cast iron 
No. 8 AK Sheet Aluminum Flux 

No. 16 Silver Solder Paste Flux 


Send for « omplete halder 


Mig. by 
AN TI-BORAX COMPOUND CO. ING 
Fort Wayne 9, Indiana 
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NOW... 
WITH ONE MACHINE 
YOU CAN SELECT 


the ideal arc 


for every job with 


®) 

rT 
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types of arc at 
your fingertips 


* AC SOFT ARC 
* AC FORCEFUL ARC 
* DC SOFT ARC 
DC FORCEFUL ARC 


TO THE MAN WHO USES AC START CUTTING COSTS...NOW! 

For the first time ...an AC welder with truly stable arc Send for Bulletin 1343 showing how hand welding 
—plus choice of soft arc for smooth, clean welds; force- can be simplified, done faster, for lower cost. Write, 
ful arc for maximum in penetration and non-sticking 


operation. 
TO THE MAN WHO USES DC 


For the first time ...a heavy duty, dependable DC welder 


that combines the efficiency of the rectifier with versa- 


tility of selecting a soft and forceful arc. Then you can 
switch to AC instantly, where the job can be done better 


with AC. 
TO THE MAN WHO USES BOTH AC AND DC 
For the first time ...in one machine, both AC and D¢ 


with selection of soft arc or forceful arc in either AC 
or DC. Gives you the ultimate in speed, ease, low cost. 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1901 . Cleveland 17, Ohio 


The World's Largest Manufacturer of Arc Welding Equipment 
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NEW LITERATURE 


Hard-Facing Deposits 

The hffeet of Welding Variables on 
Hard | wing Depo its 
pre 


meeting ol 


a reprint of a 
the 
AMERICAN 

and \ 
the 


paper hy 


ented te national 


WELDING 


Peter 


paper lore 
the 

A. Z 
engineers 
lectric Co. The 
hberatel narrow 


full treatment of thet 


SOCTRTY b 


dey 


Lincoln 
de. 


cope to permit 


elopment for 
been 
ei in 
vo most important 
in hard 


procedure lacing 


The importance of deposit analysis and 


cooling rate in determiming the struc 

ture of a hard-facing weld deposit are 
explained in nontechnical, practical 
language Test data are presented to 
indicate ren mn which procedure 


should be eontrolled in order to create 
desired performance in a hard-facing 
deposit teprinte are available free 
from the Lineoln Eleetrie Co., Cleve 

inl 17, Ohio 


Engineering lrons 


Bulletin A-69, is a 2S-page basic ref 
erence bulletin. ipled primaril for 
design engineer It presents the many 


modern nickel 
them 


tluable characte tics of 


cust rent rute broad 


sweceptance throughout industry 


lustration wick industrial 
usage in all sizes and shapes. Twenty- 
seven useful table harte and photo 
micrograp! how how, through the use 
of nickel alone combination with 


the 


properties of cast tron cat bye 


other alloving ¢ engineering 
controlled 
For vou 
to International Nickel Co 


New York N 


to meet service requirement 


cop write 


“Welcome” Folder 
\ new 


been 


We 
prepared 


Sain 


folder has just 
Tour & Co 


eome 


Ine in independent research develop 
ment and testing laboratory in New 
York Cit In direct, to-the-point 
phrase this new folder niin 
her of questions concerning the back 


ground and operations of this organiza 


tion hor our cop rite to Sam Tour 


& Co ly Place. New York 
N 

Myr. Tour, president of the company 
a member of the American WreLpING 


170 


Temperature Indicators 


The recent addition of newly de- 
veloped temperature ratings to the 
Tempil (Corp.'s line of Tempilag tem- 
perature indicating coatings has neces- 


Instructions 
which is 


sitated a revision of thei 


for Using Tempilaq issued 


from time to time 


The revised version if now available 


and ma he obtained b writing to 
Tempil® Corp., 132 W. 22nd St., New 
York 11, 

teaders who request copies of the 
Tempilaq Instruction Sheet will also 


receive a ! 


500 


OL sample ol Tempilaq 
F to illustrate its function 


Electrode Color Markings 


The National Electrical 
ers Assn 
NEMA 
Identification 


\Vanufactur- 
ol 

Kleetrode 
No. 


announces the availability 


Markings lor 


Publication 


( ‘olor 


1954 This new book dated November 
1954, supersedes the Ma 1954 issue 
For additional information write to 


NEMA headquarters at 
New York 17, N. ¥ 
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Electrode Holder 


The 
cently 


electrode 


Duro 


released 


Engineering Co. has re 
their catal won 
holders, Copy may be 
writing 


Ave 


new 
ob 
to this com 


n 17 


tained by 


pany at Oregon 


Conn 
@ 


Fabricated Products 


Fabricated heat exchangers for proc- 


ess industries involving 


ition 


liqnuid liquid to gas 


gas to gus, liquid to 
powdered solid to liquid, high pressures 
to vacuum 
to 1600 


page booklet published hb 


ind temperatures from 280 
new 12- 
M. W 


subsidiary of Pullman 


d in a 
the 


ure dese 


Kellogg Co., a 
Ine 

The booklet also shows 
facilities at Kellogg 


heat-treating 
which iret capable 
di 


of handling vessels up to 13 ft in 


ameter, up to SO ft in lengt! 


Copies ol the booklet ma he ob 
tained from the Fabricated Products 
Division, M. W. Kellogg Co., 225 


Broadway, New York 7, N. ¥ 


New Lite 


Sciaky Machine Catalog 


Sciaky Bros., Ine 9915 W. 67tl 
St., Chicago, IIL, announce the release 
of their Bulletin 333-—-General Machine 
Catalog for Electric Resistance Welding 
This 12-page bulletin is divided into 
four sections —Industria! 


Manufacture and Service 


Principle 


Operation, and Types of Electru 
sistance Welding Machines 

For complete information of 
Sciaky line of resistance welding 
chines and philosophy of design 
fabrication, write direct to the Cl 
Plant for Bulletin 333 

lron and Steel Welding 

“Recent Developments in the Fu 
Welding of [ron and Steel,”’ an &-p 
article reprinted from Metallurgia 
British metallurgical journal, is a 
able from Shieldalloy Corp., 99 P 


Ave., New 
the 
gredients 


ot 


York | 


discussion 


6, N. ¥ 
include 
of 


coating 


ing use low-l 


yen elec trodes for the metal-are we 


of low-all 


ov stec 


introductior 


the inert-gas-shielded-meta 


with a consumable mild steel core 


and the 


development ol territe 


trolled metal-are electrodes for 


stainless 


photographs 


and tables 


steels 


Thiet 


[lustrations 


ophotogi ip! 


How-to-Do-it Folder 


\ new 
brazing 


alloy s and 


to minimize job costs is nov 
All-State 


249-55 Ferris 


from 
Inc 
N. 


how-to-cl 


fluxes 


~-it folder on we 


soldering and cutting stec 


especiall leve 
Welding Allo ( 
Ave., White P 


The folder is por ket size, but int 
total of only 200 sq in. of printed 


are condensed operator 


14 of All 


State's 


mstruction 


most popular i 


and their companion fluxes for ap 


tion to various kinds of 


and are 


Features 


1 are 


stee| 


} 
Highlig 


high speed el 


rod. a spec ial electrode that supposed 


ill not 
close 


able metal 


freeze to the work if ‘ 


filler 


} 


i paste solder ind a cold 


Free copies are available on requ 


to the 
distributor 


company 


or to All-st 
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LIFE INCREASED 400% > 
Hard-facing these entry guide 
resistant HAYNES STELLITE all 
life from 4 to 5 time | protected guid | 1 alte 
handling onl MW) tons of hot teel bar hile the 
protected with Haynes STecure. all handled up t 
200 tor The guides are subjected 
rasion and heat from the hot steel pa h them 
vhen hard-laced 
ven LO year 
resist high 
die 
hard, protective 
) 
AN ALLOY FOR EVERY JOB > 
There are 14 different Haynes hard-faci ills 
hard na brasion-re tant re ma 
capable | vithstandin tive hock of ‘ ‘ impa 
fi i lina mer 
el ion, and heat. D ind pl 
for ipplying it are included in the Kiet Hay 
Hard bac Vianual Write today lor cops 
HARD-FACE AND SAVE WITH 
aff 
HAYNE WAbG42 Haynes Stellite Company 
4 
A Division of 
Snedaeihesh Union Carbide and Carbon Corporation 
uce 
Hard-facing products mad General Offices and Works, Kokomo, indiana 
1} 1 
carbide in the form of tube rods and « | Chicago — Cleveland — Detroit — Heuston 
Los Angeles —New Yark-—San Frencisco— Tulse 
Ferri 155 17] 


Government Research Reports 


Manufacturer ind research labora 


tones are bemg irnged’ to make more Use 
ol the ng stockpile of research re 
peort reve mi ty thy Chovern 
ment through the Office of Technica 


Services (OYTS) of the US Department 
of Commerce 

The Government conducting of 
erentil technical 


poOnsoring 


research at a current rate of more than 


$2 billion a year, mostly for defense 
far the largest share 
represent ippled research and de- 
elopment This research generates a 


ist amount of nonconfidential technical 


nformation that iVailable to business- 


men who are nterested in developing 
new production process in making 
technological improvements ind ow 
ivoiding duplication of research ef 
orte, ideas for new products 
have been sparked by these reports 

Some 350 such reports are described 
each month in U. 8. Government Re- 
search Report formerly the Bibliog 
of I's hnieal Re ports which is 
ivailable from the U. 8. Department of 
Commerce or any of ite field offices at 
M00 

The research covers nearly every field 
of industrial aectivit including chemi 


eal pl istie paint electrical ma 


there's a 


M. Reg. U, Pat. 


1% -13'/2% Manganese-Nickel Steel 
petal 6 Shape Applicator Bar 


© Outlasts new parts—costs less 


* Cuts down-time—reduces main- 
tenance costs. 


* Replaces worn metal faster. 


* Reduces impact and abrasive weer 
Work-hardens, 


Want fo know how te repair worn tractor 
parts fast? Write far tree folder. 


‘STULZ-SICKLES CO 


ty 92 N. J. RAILROAD AVE. NEWARK, N. J 


chinery and electronics, foods, fuel and 
lubricants, instrumentation leather, 
lumber, metals, minerals, paper, ord- 
nance, physies, rubber, textiles, aero- 
nautics, transportation Vater supply 


and other items 


Stud Welding 


4 handy tell-at-a-glance wall 
chart, furnishing condensed information 
on how end-welded studs of many shapes 
and sizes are used for various fastening 
jobs in the construction field, is now 
available on request from the Nelson 
Stud Welding Division of Gregory 
Industries, Ine., Lorain, Ohio 

The chart is illustrated with cutaway 
and simple line drawings of typical 
construction applications of studs, and 
shows the equipment with which studs 
are welded to steel in a split second 
Available dimensions of the most 
commonly used construction studs are 
also listed. 

The chart, second in a series being 
prepared by Nelson (the first covered 
studs in industrial applications is 
included as part of a new “Cost Saver 
Kit.” Mailed ina special tube simulat- 
ing a threaded stud, the kit also in- 
cludes a Nelson catalog and data sheets 
on specif construction ipplications 
when requested, 


too! 


Portable Brinell Tester 


A new, 4-page, illustrated, two 
folder describing the King Portabl 
srinell Hardness Tester that makes 
standard Brinell tests and can be use 
as a bench tester or taken to the » and 


ised in any position in vhere | 
cently been published by Andre King 
of Ardmore, Pa. The folder describes 
how the precision instrument puts a 


load of 3000 kg on a 10-mm ba ind 
other loads as required and how the re 
movable test head makes it pos e te 
test parts of any size which is an exclu 
sive feature with the King Portable 
The unit has a narrow and shallow nose 
at the anvil so that it can be used in 
small cramped spaces, tubes or 
ders 

For a free copy ol the folder write 
Andrew King, 67 EK. Laneaster Ave 
Ardmore, Pa 


Surface Preparation 


An illustrated, 2-color bulletin 
Surface Preparation -has recently been 
made available by the Protective Coat- 
ings Division of Metalweld, Ine 
Scotts Lane & Abbottsford Ave 
Philadelphia 29, Pa. 

This bulletin points out the impor 
tance of proper surface preparation in all 
coating or painting applications 

Copies of this new piece of literature 
are available upon request to the manu 
facturer. 


Service Failures of Metals 


“Mechanical Failures of Metals in 
Service,” by John A. Bennett and G 
Willard Quick, National Bureau of 
Standards Cireular 550, 36 pages 12 
figures, | table, 30 cents (Order from 
the Government Printing Office, Wash 
ington 25, D.C.) 

For many years the National Bureau 
of Standards has been requested to ex 
amine metal parts that have failed in 
service for evidence bearing on the 
causes of these failures. The examina 
tions have been undertaken at the re 
quest of other Government agencies 
such as the Civil Aeronautics Board, the 
Interstate Commerce Commission, and 
the Coast Guard 

This cireular describes 35 such case 
representing the most frequently ob 
served types of failures The factors of 
design, fabrication or use contributing 


to these failures are presented. The 
characteristics by which the il 
types of fractures can be rece gnized re 


discussed, and recommended preeautior 
that should be observed to re ee ie 
chanical failures of metals in service are 


included 
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Miller Selenium Rectifier Type D.C. Arc Welders 


performance, dependability, ease of maintenance un- 


matched by any other! Pul 


sounder, denser welds: minimize 


SR Welders have 


“arc-outs 
other D.C. welder polarit 


switch. Miller’s patented UNITRAN co 
and flux diverter. Easily ren 
in combination with other SR 
puts (60°, duty cycle at 40 


600 amperes. 


WW FACTOR 
Engineer-earned designator for the 
basically better design, high-quality 
components, established efficiency 
and longer life of Miller welders 


Complete FREE literature pon re 
quest Get the facts TODA yi 


ng direct current produces 


ge than any 
the flick of a 


controlled or par lleled 
ith rated out- 


irc blow and 


ranstormer 


300, 400 and 


Miller Heavy-Duty Industrial 
A.C. Arc Welders 


These transformer-type welders achieve 


high-quality welds at maximum produc- 
tion speeds, feature low maintenance and 
long life Ample open ircult voltage 
stabilizes arc, minimize arc-out time, 
permits use of A.C or A.f 1).C. elee- 
trode (_ontinuou urrent control 
Models 102, 103, 104, 10 d 106 rated 
it 10) and OUU imperes 
re pectively duty 

cycle at 40 volt Power! 

factor correction at ight 


additional cost Mod 

105-SA, 107-SA, 108-SA 
and 109-SA are specifi 
cally designed for ub 
merged irc welding, have 
elective open circuit 
voltages for iutomats 
welding Rated econd- 
iry ampere 60 duty 
cycle at 40 volt ire 500, 
750, L000 and 1500 re- 
spectively. All SA mod- 
els are power factor cor- 


rected 


Miller Constant Potential / 
Rectifier Type Sigma Welder 


Model SIGMA-5 maintains stable 
welding conditions regardless of arc 
variation Operator can set wire 
feeding speed on SIGMA head and 
arc voltage on SIGMA welder. After 
arc is struck, Model SIGMA-5 auto- 
matically regulates filler wire speed 
and current to maintain constant 
arc length. Power for SIGMA head 
and control circuit furnished from 
within welder May be paralleled 
and/or remote controlled. 500 am- 
pere rated output on 100%, duty 


cycle at 30 volt 


~ 

magnetic 

| 

\gLectric MANUFACTURING COMPANY Inc. Appleton, Wisconsin 
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Seamless Welded Tubing 


Designers and fabricators of aircraft 


parte, engines, valves, pumps and ma 
chine part the Process industries 
appliances, or industrial equipment will 
find a new folder on stainless mechanical 
tubing of interest and value This 6 
page folder BAW Seamless or Welded 
Stainless Mechanical Tubing pub 


lished by the Tubular Products Division 
of the Babeock & Wileox Co, outlines the 
many advantages offered to design and 
fabrication engineers who consider tub 
ing in the production of parte and prod 
ucts which the manufacture In al 
dition to defining the many finishes, size 
ranges, types and shapes of stainless 
tubing available to industry, the folder 
contains a table of condensed properties 
and processing data for nine popular 
grades of stainless tubular products 
Copies of this new folder, known as 
TB 365, are available free upon request 
to the division's general sales offices at 


Beaver Falls, Pa 
is 


Weld Insert Process 


A 10-page bulletin issued by the 
Areos Corp., Philadelphia, deseribes a 
new welding technique known as the 
kB Weld Insert Process proe 
ess, developed by the Electric Bout 
Division of Ceneral Dynamics Corp 


permits deposition of a root puss which 


produces a smooth and uniform weld 

surface even though the actual welding 

is done on one side on The process R E V I E W S 
and the insert used th the process are 

especially suitable for the butt welding OF new BOOKS 

of at sine and allo’ teel pipe both 

seamless and welded. Information in 

the bulletin covers applications, com- French Textbook on Welding 
positions, dimensior ul 1 detailed speci- 

fications. Complete step-by-step in- Les Soupures, by D. Seferian, Docto: 
formation with sketches ind photo- ol Sciences and Mining Engines 


Price, 3600 frances. 428 pp., with 299 
figs., 2nd ed 1954 Published in 
French by Dunod, Editeur, 92, Ru 
Bonaparte, Paris 


graphs, explains how to use the insert 
ind process. Recommended filler met- 
als for finish welding are also listed 
Copy available upon request to Arcos 


Corp S. 50th St Philadelphia 
13. Pa voted to a study of the two principal 


The first edition of this book was ce 


welding processes, oxy-acetylene weld- 


ing and are welding; also, it contained a 
SEE THE discussion of the various phenomena 
related to weldability In this second 
edition, the author has developed fur 
ther the section dealing with the weld 
ability of metals, methods of testing 
welds and the metallurgical aspects of 


welding. 


JUNE 8-10 Other welding processes which have 
MUNICIPAL been developed during recent years are 


also treated. Thus, the reader wi 


AUDITORIUM find new chapters on automat ure 

KANSAS CITY welding, hard surfacing, stud welding 
and resistance welding. 

. This book is intended to be of help to 

BRING A TEAM engineers, technicians, foremen and all 

others interested in obtaining an an- 


FROM YOUR PLANT swer to the welding problem with which 


they are faced every day 


NEW LOOK 


IN WELDING 


@ It's SYSTEMIZED protection featuring 
coordinated use of specially designed, 
lightweight curtains and tarps. For ver 
tical protection ... easy to hang 

glass cloth StaSafe curtains with f 
retardent compound effectively deflects 
sparks and globules of hot meta 


For horizontal protection . . . just unroll 
a StaSafe tarp and use it as a machine 
drape, canopy, floor covering, or ground 


blanket. They're asbestos with specia 
flame retardent compound added f 
extra protection and durability 


; Write now for complete information 


on SYSTEMIZED welding prote 
= tion. Ask for Bulletin S-7 showing 
coordinated use of curtains 
and tarps for superior protection. 


STANDARD SAFETY EQUIPMENT COMPANY 
232 WEST ONTARIO ST. CHICAGO 10, ILLINOIS 


NEWARK 4, N. J. CLEVELAND 10,OHIO LOS ANGELES 16, CAL. 
597 BROADWAY 55 EAST !5S2nd ST. 2952 CRENSHAW BLYD 
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for better arc action— 


USE CRUCIBLE REX WELD, hard-facing rods 


are easy to apply 
ldability ... more 


Rexwe ld low hydroge n coated electrode 


That’s because they provide improved we 


stable and direct arc. Welding can be performed both in 
vertical and horizontal positions. And with Rexweld you'll 
get denser welds... no porosity Parts will resist chipping, 


deformation or heat checking better... and they can be 
texwelded again and again 
Get Rexweld rod 


in both low hydrogen coa 


from your local Crucible warehouse 


trodes and bare rods, in 


ted elec 


a wide range of grades and size Next time you have a 
hard-facing application use Rexweld. Crucible Steel 
Company of America, Henry W. Oliver Building, Pitts- 


burgh 30, Pa 


first name in special purpose steels 


Crucible Steel 


Freprvary 1955 


Company of America 
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Contact Electrode 


Mutee-HandOmatic No. 2, a new 
contact-are gap electrode for 
welding carbon steel! has been announced 
by kuteectie Welding Alloys Corp 
Flushing N. ¥ 

According to the manufacturer, dense 
deposits of high-qualit weld metal 
make kutec-HandOmatie No, 2 ideal 
for carbon steel formes and plates, tank 


fabrication econutamers machines over 


laying shafte and bearing surfaces 
cover beads, fillete of exceptional ap 


pearance ind more economical welding 


with no chipping 


Moisture Tester 


We ldrod Co the elop 
ment and introduction of its new Kle« 
trode Coating Moisture Tester It is 
applicable to all electrode users who are 
welding with stainless, nonferrous and 
low-hydrogen rods and to electrode 
manufacturers and government installa 
tions, This new tester is reportedly 
quick and accurate for industrial use 
Data available upon request from Weld 


rod Vlendow brook Pa 


Silver Brazing 


The Air Reduction Sales Co, has just 
announced the new Aircosil” prod- 
ucts—a brand new and complete line 


and flux Airco- 


sil alloys are available in various forms 


of silver braging alloy 


rod, wire, sheet, rings and gaskets, as 
well as special shapes. Alloys of special 
composition to fit any production re- 
quirement are also available. The new 
Aircosil silver brazing flux is in paste 
form and reportedly will not freeze 
crystallize nor separate and the residue 
rinses off easily in hot water 

According to the manufacturer, Air- 
cos joins practically all ferrous, non- 
ferrous and dissimilar metals and alloys 
that have melting points above its free- 
flowing temperatures 

Aircosil is sold by avoirdupois weight 
(16 o2/lb), rather than troy ounces 

For complete information about the 
new Aircosil alloys and flux, send for a 
copy of the Aircosil Brazing Booklet by 
writing Air Reduction Sales Co., 60 EF 
f2nd St., New York 17, N.Y 
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Weld Gun 


The Federal Tool | ngineering Co., 
388 Pompton Ave., Cedar Grove, N. J 
offers a new port ible welding gun 


known as the “Tweezer-Weld” Gun 


This gun, according to the manu 
from O.005 
of 0.074 


facturer, will weld mater 
in. to the combined thickness 
in. A lightweight, rugged aluminum 
unit (2'/» lb), it will develop electrode 
pressures from | to about 50 lb with a 
lwht hand s jueeze pre ire It is 
claimed that spot welds are made as 
fast as the operator can squeeze and re- 
lease the trigger 

The ““Tweezer-Weld Gun” is operated 
from extremely flexible copper, viny! 
covered leads and is only 8 by & in. in 
size 

Accessories necessary to operation ure 
either a condenser discharge powe 
supply or standard a-c equipment in- 
cluding transformer, nonsynehronous 
timer and heat control 

For further information write directly 
to the company at the above address 


Soldering Flux 


A new flux has recently been de- 
veloped by the American Solder and 
Flux Co 
facturer, it is used by plumbers for 


According to this manu- 


joining copper tubing, does not contain 
iny grease or binding material and elimi- 
nates steel wool cleaning of joints to 
This flux, called C-Flux, 


also supposed!) tins the metal as it 


soldered 
cleans, permitting solder to flow 
smoothly with deep penetration. It is 
available in 3-02 and 1-lb cans 

For additional information, write the 
American Solder and Flux Co., 19th and 
Willard Sts., Philadelphia 40, Pa 


New Products 


Alloy Electrode 


A nonheat-treatable electrode 
tended for welding highest alloy ste 
has been announced by All-State Weld 
ing Alloys Co., Inc., 249-55 Ferris Ave 
White Plains, N. ¥ it can be work 
hardened to over 180,000 psi tensile 
strength. According to All-state, ce 
posits from this electrode maintain thei 
very high strength at elevated tempera 
tures; also, they are characterized 
high corrosion resistance, hardness 
wear resistance 

This new electrode is an alloy o 
chromium and nickel.and is applicable 
with a-e or d-e welders It is particu 
larly designed for steel parts subjected 
to high heat impact and corrosion It 
is recommended by the manufacturer 
for use on very high alloy steels, too 
steels, spring steels, pressure vessels 
mild and medium ecarbon steels, an 
iir-hardenable steels. Its as-weld 
properties include tensile strengt! 
120,000 DSI; elongation in 2 in., 25% 
and hardness, 200 Brine}! 


This Work hardenable allo s des 
ignated as All-State No. 275 chrome 
rile kel 1x It Is TOW 
in -, and eID. Core size 


Stud Welding Gun 


A new and more versatile stud welding 
gun was introduced at the Nationa! 
Metal Exposition in Chicago by Nelson 
Stud Welding Division of Gregory In 
dustries, Ine., Lorain, Ohio 

Identified as the NS-9 the new 
streamlined gun marks the first com 


prehensive design change in Nelson 
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ambulances of Bowers Ambulance Service, of Long Beach, 


7 he 


California, are the products of experts 


Among the finest ambulances made in America are 
those of the Bowers Ambulance Service of Long 
Beach, California. From Cadillae Chassis to Na- 
tional Oxygen Regulator, no effort has been spared 
to select only tested, reliable, dependable equip- 
ment. When life hangs in the balance no mechanical 
trouble must have the slightest chance to tilt the 


scales against the patient. 


Regardless of how much money you care to spend, 
5 I 

you cannot buy finer single or two-stage reduction 
regulators than those made by NATIONAL of Cali- 
fornia. Whether for minute or vast hourly gas re- Because only the very finest equipment te chest 


quirements, at very low or extremely high delivery National Ovygen Regulators are “standard” here, 


pressures, no regulators will give you better service ‘ = ) 


or more trouble-free performance than will... . . a) 


No other regulator is so easy to adjust and no others will hold that pressure adjustment more 
steadily. Designed and built for the merciful hands of the hospital nurse, the sturdiness of these 
regulators will withstand the toughest operations in shop or field. Intended to sustain the flick- 
ering life of the injured or the ill, it will maintain the finest torch flame adjustment regardless 
of weather or gas volume. 

One touch of the adjusting serew and you will know why NATIONAL of California regulators 
have won the test of time. Made by an organization with nearly half a century of experience 
in the fields of high pressure gas equipment design and manufacture, you can rely upon 
these products. 

These regulators will require reconditioning but seldom: but, when they do, this job has been 


so simplified that any competent repair man, any where. can do so easily. 


write for free brochure no. 4 ~44 pages packed with interesting information and 30 color and black & white pictures 


fremont street san francisco 5 california 
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CUTTING TORCHES 
we BETTER-BUILT 


The cutaway views show a few of the many fine 
features built into each piece of GASWELD equipment 


Featherlite or extra heavy duty — there’s a GASWELD 


cutting or welding torch that will meet your needs perfectly 


Prove it to yourself —try a GASWELD torch today! 


FREE CATALOGS 
LIQUID manufactures a complete line of both gas 
and arc welding equipment ond supplies. Send 

for your Gasweld and Arc Welding Catalogs today. 


LieviD also produces Oxygen, Acetylene and other commercial gases including 
CO, in all its forms — Gas, Liquid or Solid (Dry Ice) for industrial use 


INDUSTRIAL GAS DIVISION 
THE LIQUID CARBONIC CORPORATION 
3100 South Kedzie Ave. * Chicago 23, Illinois 


West of the Rockies; STUART OXYGEN CO. LOS ANGELES a 


In Canada: IMPERIAL OXYGEN MONTREAL 
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stud-welding equipment during tl 
10-yr period in which more than 
guns have been de! 


ivered to leadu 


manufacturers, shipbuilders, railroa 


and construction industries all over the 


world 


The new gun will be made available 


with two different sizes of cable, on 


welding studs with diameters up to 


in. and the other for anv diameters fro: 
up to I-in. an greater 


Virtually unchanged as to weight, tl 


new gun has a sweptbar K handle tl y 
which the cables enter a steel barre! t! 
e tends through the plastic gun body « 


whieh it is an integral part 
Additional information may be ha 


writing directly to the manufacture: 


Inert-Arc Spot Welder 

4 manual consumable electro le inert 
gas-shielded spot-wel ing process tl 
makes spot plug and tack welds wit! 
the addition of reinforcing filler met 
was introduced at the National Met 
Show, in Chicago, by Linde Air Pr 
ucts Co., a Division of Union Carbide 
and Carbon Corp, The proces 
claimed to overcome limitations of exist 
ing spot welding methods by making 
extra-strong welds in heavier metals 
and by requiring access to only one side 


of the weld joint 


With this inert-gas-shielded welding 


process, spot welds are made by feeding 


consumable wire electrode automatica!! 
into the weld area. The filler metal 
makes a 100% 
ping metals 


penetration in the 


ip 
Spot welds can be made 
on metals up to '/, in. thick, in a hori 
zontal or vertical position. The pros 
ess can be used on carbon and galva 
nized steel, stainless steel, copper-based 
alloys and other metals 

Apparatus can also be used to make 
plug welds on metals from ! 
thick, and to make tack 
types of joints for subsequent welding 
An operator can make up to 10 welds a 


g * in 


welds on al! 


minute, including positioning and post 
weld argon flow. 
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Spot machine ! sts ol el t i tect hipment and in 
three main units i pist ty pe ture, t irs ete t \ Stainle Steel 
water oled tore! ghtweight and é t to} luce a positive ist released by Air 
easy t ise in en pl ‘ gle ( | 
2) a portable wire-drive unit whicl ect tu yht fixture base | ed by Airco’s 
nouse thie mil nd ga ind wate istratiol composed ol 
olene for instant elding and co These « eigh 13 th the il sections of im 
ing i nt box with Linde holding pre ire f t num The top 
new-style, built-in elect ontro 100) nd the 509-[ 75 Ml Botl ect is an expanded rim 
\ cont ure i plane the 509-1 ire provider t the bottom sec 
Sper f lut t type re f nd ht with a water- 
lays time t if plete 
depend t rhe ontro n be t e DESTA-CO Vode | ntamer whieh 
installed nal le ed tio! | equest te () ‘ in be opened 

\ H. Robert Vice-President thout simply re- 
2 Detroit St ( Detroit, M gy the ta | pulling off the 
nou these new toggle « t \ eta it or removed 


Cold Weather Protectors e er ened, it can be 
f ng the cap and 

_ For eather use with their safet Electrode Container 

headrest gogale ind eveshields, Jacl \ \ wt Canada Ltd., 

ter st t. Laurent, Montreal 9, 


Welding Lathe 


| tal & bquipment 
we Brooklvn 27 


ibility of 

| Lat \lodel—-UWL 
capacities 

r The head and 


ted on a track 


with THE New 
The odels, designated 500-1 


plastic saiety-ease handles.  nhigating and Recording Flowmeter 


0 APPLICATIONS: 


gas arc welding equipment Heliarc 
Heliweld, Sigma, Aircomatic, Fillerarc 


FEATURES: 

+ 
Easily installed and operated. Minimum 

PM 

" eH maintenance. Non-lubricated. Self-con 
PSI tainedink reserve. On-off time recorded 


According to the inufacturer, the Send now for Bulletin AR-1. 


rere ot vier  ELEMATIC EQUIPMENT CORPORATION 


h ts inting holt 
velding e of fixture. The term 6731A South Chicago Avenue Chicago 37, Illinois 
Fortyv-Fivers j ilso applied because Some Territories Open for Distributors 
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Colca protects toy head ou & = : q \ 
Products. Ine... Warren. Miel ‘| ELDIN‘ 
ARGON 
Clamps 
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offers these advantages for inert gas welding 


FOR FINEST 
QUALITY WELDS 


NEW aluminum spooled wire 


From the standpoint of economy and speed, the welding of 
aluminum by inert gas produces good welds, providing the alu- 
minum wire is properly prepared for this process. Arcos has 
established the controls necessary to assure the high quality 
required for good welds. That's why it will pay you to specify 
Arcos ALUMAR Spooled Wire. Its uniform, clean finish gives 
better conductivity and arc stability. Each batch is pre-tested 
to assure you weld metal characteristics within a critically 
controlled range. 

Write today for our new Bulletin on the complete line of 
Aluminum Wire—Spooled, Coiled, Straightened and Cut. For 
every aluminum welding job, Arcos offers the wire you need 
for the results you want. Arcos Corporation, 1500 South 50th 
Street, Philadelphia 43, Pennsylvania. 


WELD WITH 


ALUMINUM AND STAINLESS SPOOLED WIRE 


Vew Produc 


with the tail stock adjusting for work 
lengths desired, the tail stock ha 
hydraulic power ram revolving with the 
head rotation. The pressure exé 
on the ram section is so made that | 
controlled automaticall) 

Variations in this UWL series can be 


made to suit applications 


X-Ray Unit 
A new 160 kVp portable X-ray unit 


for industrial radiography is now ava 
able It is reported to be lightwe git 


and capable of X-raving 2 in. of ste« 


The components are a tube unit weig! 

ing 120 Ib, a control unit, 60 Ib and 
lightweight connection and power ca 
bles. The unit operates on 110 and 220 
v independent of separate transformers 
Focal spot in the centrally loeated and 
X-ray tube is 1.5 mm, insuring sharp 
definition in Manufas 

tured and sold by Holger Andreasen 
Inc., 703 Market St., San Francisco 
3, Calif 


radiographs 


Turning Rolls 


Worthington Corp.'s Positioning 


Division the 


equipment announces 
broadening of their turning roll line 
200-ton capacity unit 


with a new 
According to the manufacturer 
Model 200 has been designed with 
eve toward minimum floor space 
quirements and is ideal for rotating 
vessels having many protuberances 
only one power and one idler unit 
needed to handle a full 200-ton loa 
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FOR FINEST 
QUALITY WELDS 
Plastic Head Shields 
Two ne molded fiber gla piast 
| hen thy 
Welded manifolds 
handle a hot problem 
For maximum efficiency, the engines of fast-flying bombers and 
skycruisers operate at high temperatures. Exhaust manifolds get 
red hot... actually spit fire. Manifold materials and the welds 
must meet unusually rigid specification: 
On critical applications like this, Arcos Stainless Rods and 
Electrodes will produce the welds that will nof fail under the =< 


terrific heat and vibration involved. When you need weld metal 
of this caliber for severe service, remember that Arcos filler 
metals are triple tested—each grade for its physical, chemical, 


and metallurgical qualities. Conscientious quality control by 


4 Arcos eliminates the expense and uncertainty of trial] and error 
| welding. In less time . . . at less cost, you get dependable welds 


for longer service. For proof—order Arcos Stainless Rods and 


Electrodes for your next tough job 
plete head protectior Arcos Corporation, 1500 South 50th Street, Philadelphia 43, Pa. 
| tu i ( t 
st tant ; th. at WELD WITH 
1 pe 973 is of the general 
ign and plastic construction, except STAINLESS RODS AND ELECTRODES 
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that it has a lift front lens holder to per 


mit the operator to view, chip and clean 
the weld without raising the hood 
joth shields are equipped with federal 
specifi ition en kor ¢ 
formation, write Hobart Bros. Co 


Tro Ohio 


Nylon Tubing Aids Welding 
Wire Transmission 


Nylon tubing liners for transmitting 
welding wire have been adopted by the 
General Klectrie Co 
sion, York, Pa 
welding of 


Weldpower Divi 
to enable high speed 
metals by the inert-gas 


shielded are Process 


| 

j 

| | \@) ) 
/ 
/ 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND = 


FOR WELDING AND 
CUTTING... 


IN THE 
RED DRUM 


HIGHEST 
QUALITY 


DUST-FREE 


Write for the name and address 


of the NATIONAL CARBIDE supplier nearest you. 

National Carbide Company 
GENERAL OFFICES: 60 EAST 42ND STREET, NEW YORK 17, N. Y. 

A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 


IS2 


Vew Products 


teportedly, the nylon tubing is 
suitable for the handling of aluminum 
stainless steel, copper, nickel, magne- 
sium, aluminum bronze and other weld 
metals 

Design of the equipment called for a 
smooth casing inside a flexible hose 
which can transmit the welding wire 
from coils to the gun. To insure an 
even feed, the hose or tubing had to be 
smooth, resist abrasion and have low 


friction against the welding wire 
Moderate flexibility and resilience in 
the tubing were other important re- 
quirements 

The material adopted for the job is 
Polypenco FM-1001 nylon supplied by 
the Polymer Corporation of Pennsyl- 


vania, Reading, Pa 


Helmet Attachment 


A new method for economically at- 
taching a welding helmet to a safety cap 
is embodied in the “Two clips and neo- 
prene strap” device recently designed 
and now manufactured by the Fibre- 
Metal Products Co., Chester, Pa. 

According to this company, quick 
installation of the Attach- 
ment” to helmets in the field is done 


Speedy 


merely with a screwdriver or a coin 
The welder then can instantly attach or 


>... 


New Products 
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detach the safety cap W hich is clipped”’ 
into the helmet under the tension of the 
neoprene strap 

No basic alteration of either the hel- 
met or safety cap is necessary The 
“Speedy Attachment” reportedly fits all 
popular peak-type safety eaps for com 
plete head protection 


ATTEND 


1955 AWS National 
Spring Meeting 


Hotel Muehlebach | 
Kansas City, Mo 
June 7-10 


Better Welding 
USE THE 
TONG TEST 
AC-DC 
AMMETER 


Machine settings alone cannot control 
welding quality! Measure actual weld 
ing current instantly, accurately and 
safely by simply clamping a Tong Test 
Ammeter around the electrode cable 
Only Columbia Tong Test measures both 
AC and DC. Interchangeable ranges 


ovailable up to 1000 amperes 
Prevent costly defects — increase weld 


ing production — maintain valua ’ 


ble equipment—with low cost Tong 
Test Ammeter. Get the facts today! 
Write for 8-Page 


4-CE 


COLUMBIA ELECTRIC MFG. CO. 
4513 Hamilton Avenue * Cleveland 14, Ohio 
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c Write tor High Speed We 
Bulletin 49992. Square 
t-- 4041 North Richards Street, Milwaukee 1 
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2, Wisconsin. 
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mACHINE +H 
+H 
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4 
quare D’s High-Speed TH 
Electronic Welder Contro an 
faster! More spot welds per minute for repeat gun Ld | 
or machine welding operations obtained by 
yiding 4" additional SQUEEZE DELAY timing and +4 
a negative HOLD time sequence am 
more consistent welds! Synchronized firing TI 
of ignitron tubes (welder transformer) and full cycle | 
conduction provides uniform heé at for each wel baad 
Vastly improve® quality of work. 
= 
less maintenance! Control unit uses heavy duty —~ 
relays and components SP ifically designed for bo 
high speed welding servic® Minimizes down time. i 
plus safety! Savere D Fail-Safe tube circuits do 7 
= 
not require conduchon of an electronic tube to stop 1 
the weld less possibility of danger te the opet- 
to the mat hinery- 


1d damage 


ator al 


Ider Control 
D Company, 


dual 


SEQUENCE 
ADJUSTMENTS 
provide 
complete control of 
two welding guns 
operated from one 
welder transiormet 
and controller. 
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as reported to Catherine O'Leary 


INERT-ARC WELDING 


Fort Wayne, Ind.—One hundred 
and fifty-six members and guests of 
the inthony Wayne Section met on 
Thursday, November 18th, in the Ball 
Room of the Hotel Spencer in Marion 
Ind 

A 20-min talk entitled Carbon 
Dioxide as an Inert Gas Shield” was 
given by Fred Zimmerman, Welding 
Engineer of Alloy Co 
Marion, Ind Mr. Zimmerman gave 
an interesting deseription of the de- 


velopment work at Alloy Products 


(Co toward perfecting the use of 
first i backing shield and 
later, as an are hield, for inert-gae 
metal-are welding, with both con- 
sumable  elec- 


These 


eceptance of 


trodes, on ireralt engine parts 
methods now have the 
several large engine manufacturers be 
cause of improved weld quality as 
compared with argon and helium on 


chrome nickel 


Zimmerman 


crack-sensitive alloy 
and carbon stee! Mi 
aleo deseribed the changes in equip 
ment which he found necessary to ob- 
tain satisfactory results He con- 
firmed the improvement in weld 
quality by exhibiting slides, showing 
groups of test samples, with charts in- 
dicating the comparative physicals 
and X-ray qualification 

Mr. Zimmerman 
mented by kd Vogel of Liquid Car- 
Corp 


talk was supple- 
Chicago, LL, who col 
laborated with him in this develop- 
ment. Mr. Vogel supplied compara- 
tive cost data and statistical data on 
flow rates, ete., which resulted from re- 
search work in their Chicago Labora- 
tory. He told the meeting that thei: 
work was far from complete but he 
expected charta soon to be available 
which would suggest gas flow rates 
based upon current and voltage scales, 
wire feed speeds and other process 
variables 

The meeting then adjourned to the 
Alloy Produets Co.'s plant 
numerous sample welds were made 
with CO, as a backing 
ing medium, The members and guests 


where 
ind are-shield- 


had ample opportunity to observe and 
study both the processes and results. 


MULTISPHERES 


Phoenix, Ariz.-(Christian Arne, 


Chicago Bridge & Iron Co., Chicago, 
Il]., was guest speaker at the Decem- 
{rizona Sec- 


ber 15th meeting of the 


tion Mr. Arne spoke on Multi- 
spheres 

INSPECTION 

Beaumont, Tex.--David L. Shall 


AVS, an engineer for Humble Oil Co 
Texas, was the guest speaker of the 
December 2nd meeting of the Beau- 
mont Division of the Houston Section 
Mr. Shall’s 


ered code and inspection compliance 


subject Inspection 
quality of material ind workman- 
ship dimension il checks ind safety in 
operation and compilation of corrected 


data 


A highly recommended film on pipe 
lines was shown before the meeting 
through the courtesy of the Shel 
Petroleum Co 


WELDING METALLURGY 
COURSE 


Boston, Mass.—The special lectu 
course of six lectures on the subject of 
“Welding Metallurgy of Carbor 
Low-Alloy Steels’’ was start 
January 18th by the Boston Section 
and will continue on each consecutive 
Tuesday except February 22nd, end 
ing on March Ist. The lecturer is Dr 
Harry Udin WS, Assistant Profess 
of Metallurgy at MIT The lectures 
are taking place at the Sloan Meta 


SECTION MEETING CALENDAR 


MARCH 3rd 

NORTHERN NEW YORK Section 
"Welding, Solder- 
ing, Brazing of Aluminum,” by C. Bruno, Reynolds 
Metals Co. 


Technical Activities Display 


Panetta's 


Restavront, Menands, N. Y 


WRC Bulletins, 
Standards and Recommended Procedures for 


Spot Welding Aluminum Alloys 


MARCH 4th 


NORTH CENTRAL OHIO Section Plant 
Visitation —Baldwin-Lima-Hamilton Corp., Lima, 
Ohio 


MARCH 8th 


NEW YORK Section. 6:00 P.M. Schwartz's 
Restavrant, 54 Broad St., New York City. 
“Welding Titanium and Titanium Alloys,” by 
John J. Chyle, Director of Welding Research, 
A. O. Smith Corp. 

DAYTON Section. 8:00 P.M 
gineers Club. “Contact Electrodes.” 


Dayton En- 
Speaker 
to be announced 

WESTERN MASSACHUSETTS Section. Spring- 
field, Mass. Joint Meeting with Connecticut 
Valley Section of Non-Destructive Testing So- 
ciety. “Non-Destructive Testing in Welding,” by 
Sidney Low, Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 


MARCH 15th 

NEW JERSEY Section. 6:30 P.M Essex 
House, Newark, N. J. ‘Welding Standards and 
Codes.” 


MARCH 16th 
NORTHWESTERN PENNSYLVANIA 

“Submerged Arc Welding,” by 

representative of Lincoln Electric Co 
PITTSBURGH Section “Quenched and 


Tempered Plate Steels for Pressure Vessel Con 


Section 


Erie, Pa 


struction,” by Leon C. Bibber, Chief Research En- 
gineer, Welding Research and Technology Div., 
U. S. Steel Corp., Pittsburgh, Pa. 


MARCH 17th 


RICHMOND Section. 
and Fixtures for Welding,” by A. N. Kugler 


Richmond, Va Jigs 


Chief Welding Engineer, Air Reduction Sales 
Co., New York. 
MARCH 2ist 

ROCHESTER Section. Rochester, N. Y 
“Welding Metallurgy,’ by Dr. W. D'Orville 
Doty, U. S. Steel. 
MARCH 25th 

MILW AUKEE Section. 6:45 P.M. 
Metal-Arc Consumable-Electrode Welding,” by 
J. E. Fitzwater. 


inert-Gas 


Editor's Note: Notices to be published in any one given issue must reach Journal office not later 


than the first of the preceding month 
for meeting. 


Section News and Events 


Give tull information concerning time, ploce, topic and specker 
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Tractor parts rebuilt with 
AMSCO LEADER AUTOMATIC ELECTRIC WELDER 


Save contractor $10,000 over 2 sprockets and one dozer blade, replace- 
replacement parts, double ment cost was figured to be approximately 
service life $13,800. Rebuilding these parts with the 


If you operate track-type equipment, here’s Amsco Leader cost approximately $3,700, 
an automatic electric welder that is a must or a saving of about $10,000. Plus the fact 
for your maintenance shop. It will save you that the rebuilt parts gave nearly double the 
time and money, and radically increase serv- effective service life of the new parts. 
See your local Amsco Distributor today. 


Ask him for complete details on the Amsco 


Leader. See for yourself how a new 


ice life of your present equipment. 
See what it did for one construction outfit: 
Operating five large track-type tractors, 
each with 12 bottom rollers, 4 carrier rollers, 
156 track links, 78 grouser pads, 2 idlers, replacement dollars. 


Amsco Leader can save you thousands of 


AMERICAN MANGANESE STEEL DIVISION 


Chicago Heights, Ill, 


: 
= 
| 
: 
| 
AMERICAN 
Brake Shoe |) 
DMPANY 
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Processing Laboratory toom 45-225, 
Massachusetts Institute of Technol- 


ogy, Cambridge, 


CHRISTMAS DINNER 
MEETING 


Chicago, Ill.-The annual Christ- 
Meeting of the Chicago 
Section was held on Friday, December 
10th 
(over 


mas Dinner 


at the Chicago Engineers Club 
7h gathered for a social period 


prior to the dinner. The Barber Shop 


(Juartet entertained with many very 
well-sung numbers 

Following dinner, (¢ Jensen, 
Lighting Division, Westingouse Elee- 
tric Corp., talked on the subject 


‘What Next? 
teresting 


vhich was a most in- 
discussion and demonstra- 
tion of the latest developments in the 
field of lighting 

Bill Lillie showed slides that he had 
taken at the Houston and Buffalo 
Spring Meetings as well as slides of the 
Golf Outing held by the Chicago See- 
tion last June at the Nordie Hills 
Country Club 


WELDING PROCESSES 


Cincinnati, Ohio. 
of experts in all phases of welding at 


To have it group 


one’s disposal for a couple of hours is a 
rare opportunity The Cineinnati 
Section was indeed fortunate to have 
such a group available at the Novem- 
her Tee hnic al Session held on Novem- 
ber 23rd 


ing were delved into from the tech 


Resistance and fusion weld 


nical research point of view to the 


actual fabrication by such experts as 


Il, W. Johnson WS, General Electric 
8. J. Whalen WS, Technical Metals 
Research Co., H. F. Reid WS, The 
MeKay Co., Byron Koger, Mosler 
Safe Co., and F. J. Pilia WS, Linde Air 


Products Co 

Coffee speaker was the midwest’s 
most prominent sports announcer, Ed 
Kennedy 
periences in the sports world. 


who told of his various ex- 


MAINTENANCE WELDING 
Cleveland, Ohio. 


Maintenance 


A timely subject, 
Welding” was dis- 
December Tech- 
nical Meeting of the Cleveland Section 
by L. C. Richardson WS, of Eutectic 
Welding Alloys Corp. Mr. Richard 
son's talk dealt with procedures and 


cussed at the 


data for reducing maintenance costs 
He explained how to 
welding 


by welding 
do difficult 
suggested new possibilities of preven- 


operations and 


tative maintenance welding 
Harvey 
investment counselor as- 


Coffee talk was given by 
CGottschall 
sociated with Prescott and Co 
land investment house who dis- 


cussed, ““‘What Makes Us Tick.’ In 


C‘leve- 


Section News and Events 


his talk Mr. Gottschal! explained the 
functions of the New York Stock Ex- 
hange in providing market place for 
securities of the nation’s leading busi- 


ness enterprises. 


INERT ARC WELDING 
Columbus, Ohio. The 


meeting of the Columbus 
held at the 


December 
Section was 


tiverside Restaurant on 


December 10th. Technical speaker 
was J. Ward Cunningham 9, of the 
Air Reduction Sales Co New York. 
Mr. Cunningham's subject was ‘‘Com- 


parison of Shielding Gases for Inert- 
Are Welding with Consumable Elec- 
trode.” 

After the meeting a sound color film 
entitled “Operation Ivy" was shown 
by the Civil Defense Administration. 


RESISTANCE WELDING 
ELECTRODES 


Dayton, Ohio.—Th« 
monthly meeting of the Dayton See- 
tion was held on December 14th at the 
Dayton Engineers Club. A movie on 
Whatever 
supplied by the Air Redue- 


regular 


atmospheri gases entitled 
We Do,” 
tion Co., was shown at the beginning 
of the meeting 

Technical speaker was Ek. F. Holt 
WS, Chief Engineer of the Welding 
Division, P. R. Mallory and Co., In- 
dianapolis Ind He 
sistance welding electrodes and elec- 
He told how in re- 
both high 


talked on re- 


trode materials 
sistance welding electrodes 
electrical and 
are desirable, so that they may be re- 


thermal conductivity 
sistant to pressure yet conductive to 
electrical current while extracting the 
heat 
ductivity, but will not stand up under 


Pure copper has the best con- 


heat and pressure, so that it is neces 
sary to add alloying materials to it. 
These alloys never exceed 3°, of the 
The alloys 
the mechanical properties of the elec- 
tend to 
He next described the various 


copper while improving 


trodes, reduce the condue- 
tivity. 
classes of alloys and their properties. 
Slides were then shown demonstrating 
the various types of electrodes and 
their applications for various types of 


work, 


SEAM WELDING 
SYMPOSIUM 


Detroit, Mich. 


was fortunate in 


The Detroit Section 
having three out- 
standing speakers at their Seam Weld- 
ing Symposium held on November 
12th. The speakers were 

D. L. Knight WS, of National Elee- 
tric Welding Machines Co., who spoke 
on seam welding developments, and 
applications as used in all phases of 
industry. 
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tockafellow AWS) ot Robotron 


Corp., who spoke on new deveilop- 
ments in controls, to handle higher 
production demands. 

Cooper of the Tay 
Winfield Corp., who spoke ot 
chine construction, and advancements 
in seam welding machines 

Mr. Crawford of the Yoder Co., ey 
In Met 


plained the movie ‘Miracle 
als.”’ 

Dinner speaker was W. | Nank of 
the Detroit Edison Co M N ink 


emphasized growth in southeastern 


Mic higan 


CHRISTMAS PARTY 


Anderson, Ind.--The /ndiana Se 
tion held its December 
Friday, Dee. 10, 1954, at Linde: 
Restaurant in Anderson, Ind The 
meeting was a combination “Ladies 
Nite” and “Annual Christmas Part) 
order of the 


meeting 


Smérgisbord was the 
evening, followed by a group of 

entertainers and group singing Phe 
Section was then treated to a ost i 
demonstration 


teresting lecture and 


of the development and use of Tran 


sistors by Harry Gruelle of the Public 
Relations Department, Indiana Be 
Telephone Co. This was followed by 


the distribution of door prizes in keep 
ing with the holiday spirit. 


PLANT TOUR 


Des Moines, lowa 


bers of the Jowa Section en 


Forty mem 
yed n 
educational trip through the Meredith 
Publishing Co. on October 2\st. Thi 
company publishes the Better Hom: 
& Gardens and Successful Farming 

The trip started in the type setting 
and engraving room, showing the 
complete plate processing and rework 
Next came the job shop 
where the use of smaller plates in the 


procedures, 


single color presses were illustrated 


Then came the visit to the five-color 


rotary processes showing actual opera 
tion of setting and aligning the plates 
so as to produce results with the 
proper shading of all colors. Next was 


a visit to the ink mixing department 
the binding room, the mailing room 
and, finally, the 
Conclusion of the trip 


maintenance shop 
whi h W iis 
immensely enjoyed by a large group 
took place in the cafeteria where re- 
were 


freshments served. 


FUTURE OF WELDING 


Kansas City, Mo.—The Aansas 
City Section held its November meet 
ing on Thursday, November 11th, at 


Fred Harvey’s Pine Room, Union 
Station 
The principal speaker was Ted 
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Now NCG creates 
a truly all-purpose 
all-position electrode 
for welding mild steel 


THE NEW NCG 
SUREWELD® “CE” 
ELECTRODE 


NCG’s new ( lectrod is de 


Here are reports from the field: 


like the way the slag proctically drops off when cool.” 
"Beads have exceptionally smooth surface.” 


"In our book it surpasses any 
other E-6013 on the market.” 


"We think it's superior to all other 6013 


electrodes in running characteristics 


"We find we can use if on more jobs 
then any other electrode we've tried.” 


mum efficiency over a wider range 
all positions with AC « DX 
Operators like this new rod becau 
an arc. even with AC at I veldil 
circuit voltage There is litt! pat 
juieter, with spray type metal tran 
th a fine, even ripp Iree trom 
Slag deposits brush off ea 
markable efficiency 1! lior 
n all respects to E-6013 p hcatior 
nearest NCG office will be 1to dem 
et you try it tor your self tact fil 


ined (o perform with maxi- 
f applications, It is usable 
ight or reverse polarity. 


y to strike and hold 
irrents and low open- 
the arc is soft; action is 
Beads are smoother, 
k-marks and slag inclu- 
CE” deposits with re- 
Sureweld “CE” conforms 
Your NCG dealer or 
trate this new rod and 


Mm touay 


"The best all-cround AC rod I've ever used.” NATIONAL CYLINDE ke GAS COMPANY 


“We ore getting very good results with CE. And we 840 North Michigan Avenue, Chicago 11, Uinois 


Branches ond Dealers from Coast to Coast 


= 
yf 


Jefferson W f the Welding 
Engineer Mr. 
interesting talk on “W 
ture of Welding 

The Section was also honored with 
M igrath Na 
tional Secretar’ vho discussed the 
fortheoming AWS 
Meeting which will be held in Kansas 
City, June 7, 8, 9 and 10, 1955 


hat’s the Fu 


the presence of 1 G 


National Spring 


WELDING OF TANKS 


Allentown, Pa. A. Meyer of 
the Graver Tank & Manufacturing 
Kast Chieago, Ind 
excellent address on “Submerged Are 
Field Welding of Tanks” at the 
December 6th dinner meeting of the 
Lehigh Valley Section held at Walp’s 
Banquet Hall, Allentown, Pa. 


nted an 


ROUND TABLE DISCUSSION 


Mishawaka, Ind. An 
proble m and answer se ion of the 
Vichiana Section, participated in by 
most of those present, took place on 
December Oth, at the ted Barn Res- 
Mishawaka, Ind Because 


of the very hazardous condition of the 


informal 


taurant 


highways in most of the area at the 
time the attendance at this meeting 
was les than half of that expected, 
Hlowever those 


ple want social time 


vho were present had 


The meeting va turned over to 


John Grodrian W Director, Factory 
Laboratory Bendix Products Divi- 
Senclix Aviation Corp Mr 


Moderator of a 
round table discussion of the welding 


Crrodrian acted a 


problems encountered by various 
members of the group 

This was an informative and in- 
teresting meeting characterized by 
maximum group participation rather 


than by a formal program 


WELDING OF PLASTICS 


New York, N. Y.-"'The Welding of 
Plastics’’ was the title of the Tech- 
nical Program at the December 14th 
meeting of the New Section 
Dr. J. A. Neumann 8, President of 
the American Agile Corp., Bedford, 
Ohio was the speaker. Dr. Neumann 
started welding as a hobby He gave 
a fascinating talk on the weldability 
of plastics and explained the most 
frequent applications for the chemical 
industry ilis talk was illustrated by 
a series of slides, which showed the 
applications on pipe lines, duct lines 
fans and vessels manufactured of 
polyethylene ind polyvinyl chloride 

In addition to « xpl ining the actual 
welding methods he also explained the 
materials, such as thermoplastic rod 
material and the type of gun that is 
used in the operation 


ISS 


A lively di the talk 
ind although the particular material 


vas unfamiliar to the majority of the 


sudience. it had i fascinating as- 
pects, due to the sir irity to welding 
of steel or metals, that the evening was 
most successful 


The meeting was held at Schwartz's 
Restaurant, 54 Broad St., New York 
City, where dinner was served prior 


to the Technical Session 


CONSUMABLE INSERT 
WELDING 


Philadelphia, Pa.— The Phila- 
del phia Section served as host for a 
joint meeting with the society of 


Naval Architects and Marine Engi 
neers on December 20th at the Engi- 
neers Club 

J. V. Harrington, Chief 
kngineer for Eleetric Boat Division 


Projects 
of General Dynamies Corp., spoke on 
Consumable Insert Method of Root 
Pass Welding With the aid of slides 
and actual welding specimens taken 
welded at 
Harrington de- 


from stainless pipe being 
electric Sout Mi 
livered a most interesting 
the joint meeting. It was pointed out 
that by the use of the 
which is consumable in the pipe joint, 
that the joints are not only clean in- 
side but that the obstruction of each 


‘ 
joint is considerably reduced Argon 


message at 


spacer ring, 


gas is used both inside and out to 
prevent oxidation 


FLAME PLATING 


Seattle, Wash. The regular 
monthly meeting of the Puget Sound 
Section was held on December 9th at 
the Engineers Club in Seattle A 
semitechnical talk on ‘Tungsten Car- 
bide Flame Plating’ was given by G 
B. Ray of Linde Air Products Co. 


CUTTING 


Seattle, Wash. 
ting’ was the subject of a semitech- 


Ferrojet Cut- 


nical talk given by A. F. Chouinard 
WS, of the National Cylinder Gas Co 
Chicago, given at the November Lith 
dinner meeting of the Puget Sound 
Section held at the Engineers Club 


WELDING MACHINES 


Rochester, N. Y.--A new meeting 
place for the Rochester Section meet- 
ings proved to be ideal from all stand- 
points when the November 15th meet- 
ing was held at the Liederkranz Club 
in Rochester 

The guest speaker Harley Orr OWS 
of Hobart Brothers Co., gave a very 
interesting discussion on the use of 
eonstant voltage welding machines 
with automatic and semiautomatic 
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Mi () 


some excellent slides showing thy ) 


elaing equipmer! 


plication of constant voltage veliding 
to existing automatic welding 
He also showed slides re 


automatic equipment 


The Section was h ippy to ive 
Clarence Jackson of Buffalo, District 
No. 3 Direetor and Dr. G. EE. ¢ 
sen ilso oof Suffal Visiting ft 


Mr. Jackson describe thie 


new arrangement of districts 


group 


cussed some of the activities 1 the 


SOCIETY on a national level 


LADIES NIGHT 


The Sagina 


Saginaw, Mich. 


ley Section had a very sucee 
Ladies Night Program at the Hig! 
Life Inn, Saginaw, Mich Decer 


ber 9th. The event was atte: 


124 members and guests 

After the family styl inne i 
short color movie on the Alaskan fur 
seal was shown followed | it ny 
Mrs. Norma Friend of Creenblatts 
Furrier of Flint, Mich Mrs. Friend 
was accompanied hy proressl il 
models who modeled a complete lin 
of furs, dresses and accessori Phe 


program was very well received 


CHRISTMAS DINNER 
PARTY 


St. Louis, Mo.—On December 
the St. Louis Section held its annua 
dinner dance at the Norwood Hills 
Country Club. Hal Havird’s orches 
tra provided the musical ba 
and all attending had a delight! 
time. 


CHARTER MEETING 


San Jose, Calif.—-The Santa Clara 
Valley Section witl iarte! in 
San Jose, Calif., had its Charter Night 
Meeting on November 23rd rhe 
dinner meeting was held at the Red 
Barn Restaurant on South Monterey 
Road Most of the 152 member 
had signed up by charter night or h 
transferred into the Section were 
present for the occasion (Organiza 
tion of the Section started ir ite 
August with meetings held in Septem- 
ber and October preceding the grant 
ing of the Charter by the Board 
Directors on November 4t! 

At this Charter Night Meeting 


election of officers was held ith t 


following men elected to office 


Chairman—Mansfield M. Griffit! 
Food Machinery & Chemical 
Corp., San Jose, Calif 

Firat Vice-Chairman Wallace J 

Westing! Oust 

Sunnyvale, i! 
Vice-hairman—Fortu 


Erichsen 
( or p 


Ne cond 


Tue Wetpine Jour 


men eny orner erecrece Wwe Ve 


EVERYTHING FOR WELDIN 


REMARKABLE 
NEW STEEL 


for heavy-duty welded equipment 


Strong, tough USS “T-1” Steel 


improves performance... reduces costs 


weld it or flame cut it without pre- or strength of “T-1" Steel to increase 


N this new engineering material 


USS “T-1” Steel—you get a com post-heating. Heavy duty equipment the service life of steel mill equip 
bination of mechanical properties now can be fabricated either in the ment and rotating machines. You 
never before obtainable in a single shop or the field—wherever it is more can use its amazing sub-zero tough- 
steel convenient and less costly—without ness and resistance to abuse in ex- 


In ““T-1” you get great strength (a 
yield strength of 90,000 psi.) , yet you 
can fabricate this steel easily and at 


ind extra expense in 
Remember, 
’ Steel to re 


the lost time 
volved in heat treatment 


too, when you use ““T-1 


cavating and mining equipment that 


outdoors 
In fact 


must 


operat 


weather! with “T 


in the most 


Steel you can increase the strength, 


low cost. You get a steel with good duce the size of welded sections, you 

creep and rupture resistance at tem cut welding time and the amount of dependability, and safety of heavy 
peratures as high as 900° F., yet so welding rod needed. That’s more duty equipment for use at any at 
inherently tough that you can also money saved mospheric temperature. Send the 


use it in heavy duty jobs at sub-zero 


You can use the high-temperature 


coupon for complete information. 


temperatures down to —40° F. In 


‘T-1”", in brief, you get a steel that UNITED STATES STEEL CORPORATION, PITTSBURGH - COLUMB/A-GENEVA STEEL DIVISION, SAN FRANCISCO 
withstands severe impact abrasion TENNESSEE COAL & IRON DIVISION. FAIRFIELD, ALA 

and, at the same time, resists cor UNITED STATES STEEL SUPPLY DIVISION. WAREHOUSE DISTRIBUTORS. COAST.T0-COAST 


This unique combination of prop 
erties helps you to cut costs and im 


SEE The United States Steel Hour. It's a full-hour TV program presented every other 
prove performance in an extremely 


week by United States Steel, Consult your local newspaper for time and station 


wide range of industrial applications 

*T-1” enables you to reduce the 
size and weight of heavily stressed or s 
heavily abused parts with no sacrifice United States Steel, Room 4é 


in service life or dependability 525 William Penn Place, Pitt sh 30, Pa 
and it enables you to increase the 
load handling capacity of excavat ° Please send me y booklet 
ing, hauling, or storage equipment 7 United ‘ eel presents T-1 
which the full story of T-1 steel 


| 
| 
| 
| 
| Ho 
| 
| 
| 
| 
| 
| 
| 
| 
| 


with no increase in physical size or 
weight 

You can use “T-1” 
fabricating costs 


: ve your representative get in touch with m 
Steel to reduce 
because you can 


Nome 


Address 


State 


Masdeo, Hiller Helicopt Pale 
Alto, Calif 
Secretary A. G. Pond, A. G 
Co., San Jose, Calif 
Treasurer——Jack W. Crarrells, Pa- 
cific Hardware & Steel Co., San 
Jose, Calif 


Pond 


Honored guests for the occasion in 


cluded 
( P. Sander Second Vice-Presi- 
dent (National) WS, Consolidated 
Western Steel Co., Los Angeles 
Calif 
M. Styer, District Director 


Pacifie Car & Foundry Co 
Seattle, Wash 

Ray L 
Large, 
Campbell Calif 


Director-at- 
Products C'o 


Townsend 


I weco 


Kk. O. Williams, Past Director-at- 
Large, Victor Equipment Co 
Los Ange les, alif 

ki. A. Daniels, President, Inter- 
national Acetylene Assn., Victor 


equipment Co San Francisco, 


Calif 


Following the dinner Mr. Styer 
read the letter of Charter Authoriza 
tion sent by the National Office and 
Magrath National 


Short congratulatory talks 


signed by J. G 
Secretary 
were given by each of the honored 
guests 


The speaker of the evening was 


Richard K. Lee, Vice-President, Alloy 
Rods Co.. York. Pa Hi ubject was 
“Fundamentals of Welding Metal- 


Mr. Lee's talk wa 


question-and-answer 


lurgy excellent 
\ lively 


followed it 


period 

The program ch rman, Wallace J 
Lrichsen, outlined the programs that 
were on schedule for the balance of the 


year 


ELECTION OF OFFICERS 


Miami, Fla.-The newly organized 
South Florida Section announced the 
election of the following officers 
Thomas R 

River Station 
Firat Vice’hairman 


Chairman Berg, Little 


ALG Thomp 
son, Miami Welding Supply, Inc 
Secand Vicet'hairman— Paul Green 


fogel Vulkan Specialty Co Ine 
Secretary—H. M. White, Little 
River Station 
Treasurer Leo Riedy Jor- 


gensen & Schreffler kngrs 
Represe nlative ( \ 
Little River Station 


Te Anical 


oung 


STRUCTURAL WELDING 


Miami, Fla.-The South Florida 
Section met on December Sth at the 
Miami Builder's Exchange 

Technic al spe iker was \ 
Baltimore, Md Mr. Saxe 


R. Saxe of 


i leading 


190 


ithoritv on struetura ter elding 


ind designing, gave a brilliant discus- 


sion on the various welding problems 
encountered in the structural field 
Mr. Saxe showed a number of very 
interesting slides and distributed pieces 
of literature on various phases of this 
type of welding. A standing ovation 
was given the speaker at the conclu- 
sion of his talk 


SUBMERGED ARC 
WELDING 
Syracuse, N. Y.—The 


monthly meeting of the 


regular 
Sec- 
tion was held at the Hotel Onondaga 
in Syracuse, N. ¥ 1954 
The technical speaker was J. M. 
Tippett of the Linde Air Products Co., 
who gave an interesting discussion of 


Welding 


on Dee. 8 


of Submerged Are Applica- 
tions 


This talk 


group of slides showing typical produc- 


Was accompanied by a 


tion setups employing submerged are 


welding as a high-speed production 


tool. The main talk was followed by a 
very informative question-and-answer 
period 

The regular technical meeting was 
preceded by a well-attended dinner 
meeting which featured a discussion of 
problems involved in planning and 
York State Thru- 


was extremely 


building the New 
way. This discussion 
interesting and thoroughly enjoyed by 
ill those present 


INERT ARC WELDING 
Sheffield, Ala..-The December 2nd 


meeting of the Tri-Cities Section was 
held at the TVA Auditorium. Din- 
ner took place at the King Cotton 
Restaurant. Cuest speaker was John 
McClendon @S, of Au 


Sales Co., 


Reduction 
Birmingham He gave a 
very interesting talk on “Inert Are 
Welding of Aluminum and Stainless 
Steels.” Mr. MeClendon’s talk was 
slides and film 


augmented with 
There was a good turnout for this 
District Director A. E 


Pearson was among those present 


meeting; 


Tri-Cities 
{Left to 


Officers and 
Section December meeting. 
right) E. Lindsey, Vice-Chairman; 


speaker at 


H. Shields, Secretary; F. H. Eckert, 
Chairman; John McClendon, guest 
speaker; A. €E. Pearson, District 
Director 
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MULTISPHERES 


Tucson, Ariz.—Christian Arne, Re 
search Engineer, Chicago Bridge & 
Iron Co 
December meeting of the Tucson Se 
tion held at the Municipa Croll 
Course Dee. 14, 1954 M Arn 


lustrated his lecture with slides and 


vas the guest speaker! 


told about the Construction 
Spheres and Multispheres.”’ M: 
Arne spoke about the manner in 
which the “Big’’ Sphere was erected 
for the Atomic Energy Commis 


and the problems that confronted the 


} 
‘ 


engineering department ind 0 
many of these problems were solved 

Prior to the meeting, the Section held 
a raffle on a welding helmet donated 
by Dye Oxygen Co. The helmet 
won by speaker Christian Arne who in 
turn donated the prize to the Tucson 
High School to be offered to some out- 
standing welding student in the 1955 
graduating class 


SYMPOSIUM ON 
ELECTRODES 


Washington, D. C.—The 
posium on Consumable Coated and 
Contact Electrodes was held at Nay 
lor’s Restaurant on November 30t! 
at the Washington Section \ pan 
discussion with questions and answers 

handled by the 
sisting of the following: Kk. B. Lute 
Arcrods Corp.; R. Stratton, Lineol: 
Electric; J. Ray, A. O. Smith; C. R 
Titus, Westinghouse; G. | 
Rustless lron & Steel 


very abl 


panel ¢o 


Linnert 


ALLOY STEELS 
Washington, D. C.—A joint meet 


Washington Section was 
held on December 13th with the loca 
chapter of the ASM 
L. C. Bibber WS, U. S. Steel, Pitts 
burgh, whose subject was the “Poten 
tialities of Quenched and Tempered 
Alloy engineering Ma 
terial.” 


ing of the 


ike! Vas 


Steel as an 


RESISTANCE WELDING 


Grand Rapids, Mich.—-The Decem 
ber meeting of the Western Michigar 
Section was held on Monday evening 


December 13, in the Varsity Grille 
Clubrooms An excellent chicker 
dinner was enjoyed by 69 membe 


and guests. For the coffee talk the 
were two members of the Grand 
Rapids Rockets 

The technical session was addressed 
by Jack Ogden OWS 
charge of Development at 
Fisher Body in Detroit. Mr 
chairman of the Resistance Weldi: 
Committee of the Welding Researc! 
Council 


hockey tean 


Senior kr 


Process 
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New Members 


Effective November 30, 1954 


A—Sustaining Member B—Member C—Associate Member D—Student Member E—Honorary Member F—Life Member 


ANTHONY WAYNE Gardham, John 71 { (air John \ Bi Wollering, Walter R, (¢ 


Houk. Robert ¢ ( 
Kirchhofer, Rufus (B 


Leisbers. A iC. (B Champnoise, Donald A. (( NEBRASKA 


ods Mur I Dy Ha 1} 
Nowak, Ted J. R Robert (¢ 
erry, Lloyd F. (¢ hie, Arne Bhi Frank X, (( 
Soent if hor i, Richard | id (B 
ARIZONA Sonnichsen, Karl (B Elliott, Clyde (B ire irthur (¢ 
laylor, ¢ R.(B Lawrer 
Redman, Don Lee (( Schreiber, Walter (A Falch, Alex Ban wth D. 
surts { 
BOSTON Wilhels kK. (B Athi A. (I ‘ 
tichard 


Halliday, Robert J. (B EAST TEXAS wae pat 008 Church, Eugene (B 
Ramat LN. hompec Jo L. J. (B 
Weiss, Stanley (D EASTERN ILLINOIS a) Wher C Dodd, William, Sr, (B 


BIRMINGHAM Berke Jol B. Hugo, Harold 


Leopard Robert H HOUSTON 
Sawver, Richard H Bevar 1) if Komlo, John W { 


Blackstock, C. (B Knudtson, Raymond (1 


Dillmar { Krueger ivi 
tere J 
Barrett, Geo. F. W. (B Elliott, Richard J. (B Mayer, A. H. (( H A Sa 
Llewe n, Jehu (B Gaskin, Robert L. May, Harold L. (¢ 
Har L. R.(B 
CHICAGO fi, Rov M (I W. (B 
Hu Joe B. (¢ 
Coffin, B. R. (B Chester L. (B Weal 
Jol r H. (B) 
Gerker. Joseph H. (¢ limo ( Mueller. Leor dil ( D (B 
Ciryceko, Michael J.. Jr. (4 Young, \ivers, Dwight (B Reuben C. (C 
Hunstiger, Oscar ¢ ( Perr Ralph J. 1 HB 
Luksha, Nicholas Wm. (B Palmer, David L. (B Peters, Charles F. (1 RB 
Schellenge John M, (¢ IOWA ff, ( | Theodore J. (¢ 
Soso, Richard P. (( Polinske, Charles H, (( 
Ward, Leonard E. (B Jones, Clayton J. (B P r, Cliff (1 
Weaver. Rx 1) ( Lueller | nu \ | | 
Wig att H. (¢ KANSAS CITY 
Matthes, Karl William (B Herm H. G., Jr, Schon, Einar B. (B CB 
Holland (B Schroud, Reuben (¢ 
CLEVELAND johnston, Harold W. (1 Seott, Seth (B r(B 


Williar Donald ¢ B Wil ‘ 
COLUMBUS Wagner. K r 


Downing, Richie NEW JERSEY 


(,utridge. I ence Da | Wilties Aliest 3 G Imond (B 


Lehmkuhl, Elmer J. (¢ LOS ANGELES 
Sukup, Creorge Bened | MAHONING VALLEY mad 1 (B 
eave, Gardner, Raymond, Jr. (( 


Walimire, Doyle W, (( Jard NEW ORLEANS 
MICHIANA 


DETROIT MADISON Closson. Jack R. (t Labbe, J 


Blower 8. (1 Bre MILWAUKEE NIAGARA FRONTIER 

Bost Robert (B iro tt, (iroth, L. Arthur (¢ Ket Villiam A. 

(Gagnon, | Bust | ( 1) Patrick, Dor i] J 
Feprvary 1955 


be 
) 
Edwardson, James H. (B) 
(B 
Cha 1) W.(B 
4 
} 


NORTH CENTRAL OHIO 
Rolfe, Ralph (¢ 
NORTHEAST TENN. 
Patriarea, Peter (¢ 
NORTHWEST 

Milo J. (B 


NORTHWESTERN 


Cherven 


PENNSYLVANIA 


Kennedy, RK. C. (¢ 
Ostberg Irwin ¢ { 
Pepicello Vineent, Jt ( 


OKLAHOMA CITY 


Jarrick, Harley P. (D 

Combs, Clyde H 

Davis, Bill 

Donohue, William Stephen (D 
Coleman, Ovie DD 1) 

Hane 

Jeff rie rk 1) 

MeAlister, | ugene 

Moore, James D. (D 

Taylor, Harold Don (D 


PEORIA 

Zimmerman, Franklin (¢ 
PHILADELPHIA 

Bent, Sidne Thomas 
Freed, Russel, Jr. (¢ 
Gartner, Henry C. (B 


Litton, Felix B. (B 
Martin, David bk. (C 
Brien Joseph M. (¢ 
Opila Francie A ( 


PITTSBURGH 

Barnes, Orville K., Jr. (B 
Kimme! Ralph P.(B 
Hoener, Philip F., Jr. 
Speicher Don | (B 
PORTLAND 

Struble, Glenn R. (B) 
Taylor, J. W. (B 
PUGET SOUND 

Killin, Amil J. 
Koepenick, Fredrick R. 
ROCHESTER 

Oliveri Al phone (¢ 
Smith, Thomas bk. (¢ 
Steele, hoy M 
SAGINAW VALLEY 
Marl J. 


SAINT LOUIS 


Christian, Ralph R, (B 
Ciurnea, Robert I 
Kleetine h, buarl W 
Leonard, Paul J B 


Wuepper 


SALT LAKE CITY 
Chrietiansen, | A.(B 
SAN FRANCISCO 


Ciendar Stephen ¢ 
Long, Darrell G. (B 
Mathews, T. J. (B 


Mueller, Kenneth P. (B 
Oster, Alan G. (B 


SANTA CLARA VALLEY 


Armenta, Ray R. (B 
Arnold, 8. P., Jr. (B 
Bain, William J. (1) 
Barbano (,eorge W (B 
Sareuglia, Guido Jack (C') 
Bateman, Robert G. (¢ 
Bedinger, L. K. (B 
Beightol, Wm. C. (B) 
Bell, Francie FE. (B) 
Bianchi, kdward M. (B 
Biggs, Almond Ray (B) 
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New Standards: 
Here are some new AWS standards you may have missed— 
Price 
per copy 
Nickel and Nickel-Base Alloy Covered Electrodes, Specifications for 25 cents 
Aluminum and Aluminum-Alloy Welding Rods and Bare Electrodes 
Specifications for 25 cents 
Corrosion-Kesisting Chromium and Chromium-Nickel Steel Welding 
Rods and Bare Electrodes, Specifications for 25 cents 
Application of Metallized Coatings to Protect Against Heat Corrosion 
Part IC of Recommended Practices for Metallizing 50 cents 
Safe Practices for Inert-Gas Metal-Are Welding 50 cent 
Repair Welding of Cast Iron Pipe, Valves and Fittings, Recommended 
Practice YO cent 
Postweld Heat Treatment of Austenitic Steel Weldments, Recommended 
Practice 50 cent 
Copper and Copper-Alloy Electrodes, Revised Specifications 25 cents 
Spot Welding Aluminum and Aluminum Alloys, Recommended Prac 
tices $1 00 
Worth Mentioning: 
Here are three best sellers you will want— 
Welding Handbook, Third Edition $12.00 
Member's Special Price $9.00 
Welding Metallurgy, Second Edition $ 3.00 
Members’ Special Price $ 2.25 
Weldability of Steels $ 6.50 
Members’ Special Price $ 5 20 
Coming Soon: 
| AWS BRAZING MANUAL 
Che first book to thoroughly cover all aspects of brazing for all metals 
Over 200 pages, indexed, illustrated, cloth bound $475 
Members’ Special Price $ 3.80 
Send your order for any of these publications or your request for more information to 
DEPT. FJ 
33 WEST 39 STREET NEW YORK 18, N. Y. 
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BRAZING MOLYBDENUM FOR HIGH- 


TEMPERATURE SERVICE 


Various brazing techniques which may be 
used to obtain good joints in molybdenum for 


high temperature service 
BY M. |. JACOBSON AND D. C. MARTIN 


ABSTRACT The obj tive ol this in Introduction 


vestigation was the development of met} 
ods of producing brazed joints in molyb This investigation wi undertaken 
denum that would have sufhcient strength for the Air | I ind De elopment 
and ductilit tO be uselul In engineering (Command tt thie objective ol ae 
application The brazing methods that j 
ning ‘ produ y ( 
were investigated included vacuum braz , ' 
ing in an Inconel retort ) wetvlene that ild ive 
torch brazing with a flu induction braz ifficient at gt ind ductility to be use 
ing in vacuum and induction brazing in ul in « e¢ DI I 
| 
argon. Sixteen high-temperature brazing 
alloys that had melting points of 1800” I 
or higher were studied The major factors truet 
that were letermined were the ol ert nt neat engine Phe 
the alloy to wet molybdenu the brazing ild per higher ope 
te qu required to obtain good jornt tis t} } 
temne 
and the pr ywerties of brazed jointe 
mercia olybdenum sheet at room ten ble i nt increase effi 
perature ind at a temperature of 1800 er and mm ‘ itput The difficult 
I Inductior brazing ww in irgon it 4 yuntered in the ining « nolvbdenum 
mosphere was the most tisiactor oraz 
tor t 
ing method from the standpoint of braze 
qualit ind = practicahilit Room-te1 
perature strengths of brazed joints were One of the t serious problems is the 
genera iow because of rec tallization extreme | tt of molvbdenum weld 
of the base metal and because of the note! 
A review iterature the 
effect nherent in the joints Short 
time tension tests at 1800° F of joints oming oF m enum, inciuding reports 
inductior razed in argon showed that the ol other researc! nducted at Battelle. in 
best cobalt-base brazing alloy was Haynes dicated that hrittlenane i used large 
ficated urgel 
Alloy 25 which produced braze tr 
} tl 
hear strength of 14,250 psi The best 
bresing base met | the weld metal or weld 
which produced a brazed nt with a shear re It wa mind that the higher the 
strengt 18,800 psi Che 100-hr shear purity of the ine il, the higher the 
trength at 1800° | j induction du ‘ j Another ‘ 
brazed with Inconel was found to be 5000 ! 
psi, while the 100-hr shear strength of 
joints induction brazed with Haynes molybdenur recrystallization of the 
Alloy 25 was found to be 1500 pei base met 
g wa heretore i i 
M. I. Jacobson and D. C. Martin a wit without « ttlement of the se mate 
Battelle Me ial e, 
| ‘ ) that mo 
Presented at the AWS National Spring Meeting 
held in Buffalo, N. Y., May 4-7, 1954 lybdenu ] e brazed ith several 
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Properties of As-Received 
Molybdenum Sheet 


Mi bdenum sheet for this investigation 


red hree manultacturers, 
ch ol whom supphed eight piece of sheet 
65-8 


\ 

described 


F. However, at thes high temperatures 
Table |—Nominal Composition of High-Temperature Brazing Alloys 
the mechanics of the heat-treating process 
name Composition, Liq sidus, were such that a considerable amount of 
Super Nickel 826 70Cu ~ SONI 2240 scatter was produced in the data, and no 
Nickel 100 Ni . 26) conclusions could be drawn. The difficul 
Inconel MON) ike tie rose i! ttemptir ttain th 
a Wall Colmonoy No 6 78Ni - 18Cr-— 4B 1950 sired temperatures as rapidly as possible in 
Mone! TON) sO0Cu 2370 order to simulate actual brazing con 
17Mo 16C'r iW 2580 ditions The desired temperature was 
- often exceeded, and it was thus difficult 
Haynes Alloy 25 ~ 20Cr 15W 1ONi 2600 ten exceeded, an 
18-8 Stainles ~ 8Ni Bal Fe 2600 maintain the correct time-temperature 
25-20) Stainless Bal Fe 2650 relationships 
Kanthal A-l 70¥Fe ~ 25Cr — 5Al 2700 The results of other investigations con- 
Palladium Copper P2000 

. > aa ducted at Battelle have shown that re- 
Palladium-Nickel Pd 17 Ni 2200) : 
Palladium-Silver WAg 2500 crystallization alone is no ifficient to 
Silver-Platinum 70Ag 2200) cause brittleness Apparent! brittleness 

is caused by recrystallization combined 
Big ix ISin. In this paper, the sheet 


Table 2—Room-Temperature Bend Ductility of As-Received ' /\,-In. Molybdenum 


will be referred to as Type A, Type B and 
Sheet 


bole l ju \ and ype 


molybdenum were fabricated Deflection Strain Bend 
from sintered powder compact while Type of rale, rale, angle, 
Type C sheet was fabricated from arc-cast molybdenum Direction in./in./ sec leg 
B P I 0.011 180 
earbon-deoxidized ingot 

2 0.022 180 

\ 0.011 180 

Room-Temperature Ductility of the Base \ p 9 0.022 180 
Metal ( P | 0.011 180 
The duectilit ol the is received sheet ( P 0 022 180 
was determined by bend tests at room 
65 

temperature Tests results in Table 2 \ 1 0.006 s 
how that the sheet had good ductility \ 0 O11 s 
parallel to the direetion of rolling but that ( I 0.006 5 
( I ] 0.011 5 


ductility was much lower in the transverse 


direction. Metallographic examination 
* P—Long axis of specimen parallel to direction of rolling T--Long axis of specimen 


showed that all material was in the typical 
transverse to direction of rolling 


fibered condition, considered necessary 


for good bend duetilit in commercial 
eer be correlated with the results obtained in with certain related grain-boundary phe- 
rracdes of ahee 
s™ the bend tests; that is, as the amount of nomena. For the purpose of this report, 
A P recrystallization increased, the duetility the term “reerystallize’’ will be assumed 
Recrystallization Study of | ,-In. 
Molybdenum Sheet decreased to include both the reervstallization of the 
y Similar tests were run at 2600 and 2800 molybdenum and any associated effect 
It was th rughit desirable to find out how 
long each base material could be heated at 200 


T 
| Type A 
—@-— Type B 

--O-— Type C | 


given temperature before it recrystal 
lized to the extent that ductility was im 
paired, Such information would be useful 


in determining the maximum allowable 


braging times The te mperatures chosen 150 | J 
were 2400, 2600 and 2800° | Strips '/, e | 
in, wide by 1 in. long of ly pes 4 
wd ( ein. molybdenum heets were o 
vo 


therefore he sted b induction in vacuum 
at 2400° F for periods of 5, 10, 15 und 30 


md 2, 3 and 5 min The stripe 


| 
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100 


were then bend tested at room tempera 


ture at a strain rate of O.OLL in, per in, per 


mer The results of the bend tests are 


plotted in Fig. 1, and a typical set of bend 


Bend Angle, 


test specimens is shown in Fig. 2 Test 


results showed that ype \ sheet could 50 
| 


be held at 2400° F for around 2 min; Type 


bb around | min umd Type C around 30 


asec before room-temperature ductility in 


the parallel direction was reduced to a 


value of about one-half that of the as- fe} 


received sheet. However, at 5 min each oO 


2 3 4 5 


Photomicrographs of typical treated speci Time at 2400°F, minutes 
mens are shown in Fig. 3. In general, the Fig. | Effect of time at 2400° F on the bend ductility of '/ \»-in. molybdenum sheet. 
microstructures of these specimens could Strain rate was 0.011 in./in./sec 


material still exhibited some duetility 
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Retort Brazing Tests Brazing Procedure g solu 5 parts concentrated 


Prior to } tl bdenum sheet HSO, + 4 +0.5 part con 
Material and Apparatus wee at 190° } ted FING 88 CrO Both 
The first razing tests were made type joints were 
I onel retort Th spparatu molyddenum strips trips of sheet is 

te nats big j The pecimens were 
ance fu pump and foil placed in the 
Inconel 1 Phe } the joints, clamped 
Wit! I pe and Type Bn the retort Ihe 
denun het evacuated to a 
i and placed in the 
=< He proceeded until the 

Double-shear joint ir ‘ tort Was approxi 


> 
a 
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he liquidus of the 


Fig. 4 Sketch of lap and double-shear 10 min at tempera 
specimens made with molyb- tut he re removed from the 
denum sheet 1 to cool to reom 


90 2 min 
— ‘ < 
9 5 min ) / 


Fig. 2 Typical series of bend-test we 
in. molybdenum brazed in retort with 60Pd-40Cu., XX 250 


specimens of '/,-in. molybdenum sheet 
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- i—_ 


100 X As-received 100 X 5 sec 100 x 30 sec 4 1 min 
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je 


100 X 2 min 100 xX 3 min 100 X 


Fig. 3. Microstructure of -in. Type A molybdenum sheet as-received and after various times at 2400° F 
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temperature before being opened, Dur 
ing heating, the pressure in the retort rose 
to 4 or 5 w; however, this did not appear 
to have any effect on the molybdenum 
surfaces, as they were still clean and bright 


after being removed from the retort 


Results of Retort-Brazing Tests 

Single-lap joints were brazed with 
HONi- 40Pd, Wall Colmonoy No. 6 
Nickel 826, and 60Pd—40Cu 
Double-shear joints were made with 60 


Super 


Pd — 40Cu A typical photomicrograph 
of a brazed joint is shown in Fig. 5 
The base metal is completely recrystallized 
because of the relatively long time cycle 
required to braze a joint mi the retort 

The single-lap and double-shear speci- 
mens were tension tested at room tempera- 
ture in a dynamometer at a speed of 0.150 
ipm. Bending stresses were imposed on 
the single-lap joints during testing, which 
combined with the fact that the base metal 
was reerystallized, caused the joints to 
fail in the base metal in a brittle manner 
at relatively low strengths, about 20,000 
psi. It was therefore decided to stand- 
ardize on double-shear-type specimens in 
which the testing loads were more evenly 
distributed However, the double-shear- 
type tensile specimens also failed in a 
brittle manner in the center strip of base 
metal at around 23,000 psi. This was due 
to a combination of the base metal being 
recrystallized and the notch effect present 
in the double-shear-ty pe joints 

Since the Inconel-retort apparatus was 
limited in temperature to brazing alloys 
that melted below 2300° | 


long br wing cycles 


and since the 
resulted in complete 
recrystallization of the base metal, atten 
tion was turned to brazing methods that 
could produce higher temperatures and 


faster heating rates 


Oxy-acetylene-Brazing Tests 


Development of a Flux for Oxy-acetylene 
Brazing 

A few preliminary tests with brazing 
alloys that were previously found to wet 
molybdenum well indicated that for satis 
factory oxy-acetylene brazes a flux would 
be required. No information was avail 
able on fluxes that would prevent or re 
tard oxidation of the molybdenum at high 
temperatures. For testing various ex- 


perimental fluxes, serap ‘'/ie-in. molyb- 


denum sheet was used. The fluxes were 
prepared in paste form and applied liber- 
ally to both sides of a strip of sheet A 
x x 0.003-in. strip of brazing alloy 
was then placed on the top side of the sheet 
and covered with flux. The brazing 
alloys used had liquidus points from 1800 
to 2500° PF, 
of the temperatures attained in heating 
A No, 4 torch tip was used for heating, 
with the flame adjusted so as to be slightly 


which provided some idea 


reducing. The specimens were heated 
until the brazing alloy melted and flowed 
The flux was then removed by washing in 
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hot water and wire brushing if necessary 
The ease of flux removal and the protection 
from oxidation were noted 

In o. der to keep the molybdenum sur- 
faces in the optimum condition for brazing 
that is clean and free of oxides, it was de- 
cided that the flux should offer protection 
from oxidation from around 800° F up to 
the melting point of the brazing alloys 
(1800 to 2500° F 


of commercial fluxes were tried, as were 


Several combinations 


combinations of commercial fluxes with 
In the 


majority of cases, it was found that the 


additional fluorides and chlorides 
fluxes melted and flowed away from the 
hot zone before the brazing alloys melted 

After several trials, a flux was com 
pounded that had a wide melting range 
and that gave fairly good protection up to 
around 2500° F 
flux was as follows: 10% boric acid, 6% 
AgCl, 10% LiCl, 27% Oxweld Brazo flux, 
20% NaF and 27% Cal In this flux 


mixture, boric acid (mp 350° F 


The composition of this 


gave low- 
temperature protection, AgCl (mp 840° F), 
Lic! (mp 1130° F 

(mp 950 to 1130° F 
perature protection, and NaF (mp 1900° 
F) and CaF (mp 2480° F) 
ture protection Although the molyb- 


Oxweld Brazo-Flux 


intermediate-tem- 
high-tempera- 


denum appeared to be oxidized, metallo- 
graphic examination showed little or no 
evidence of intergranular oxidation and no 
the flux The flux 
was difficult to remove and did not com 
How- 


ever, it appeared to be satisfactory for the 


evidence of attack by 
pletely protect the molybdenum 


preparation of test specimens. Several 
double-shear tension specimens for room- 
temperature tests were therefore prepared 


with this flux, designated as Flux A 


molybdenum sheet 


Further work was done on developing 
an improved flux that would be easy to 
remove and that would provide molyb 
denum with good protection from oxida 
tion. The experimental procedure was 


changed somewhat, in that the 60Pd 

Ag alloy, which had a liquidus of 2500 
F, was used to measure the degree of flow 
and wetting, in addition to being an li 
cation of the temperature attained It 
was found that the fluxes had better prop 
erties if mixed with alcohol rather thar 
water toforma paste. The best flu m 
bination developed was a 50-50 mixture of 
Eutector 189 and calcium fluoride, used it 
conjunction with specimens coated with 
Handy flux 


nated as Flux B 


This combination is desig 


Eutector 189 is a com 


mercial borate-base brazing flux that is 
active in the range of 1400 to 2000° F 
Handy Flux is a commercial borate-base 
silver-brazing flux that melts at 800° F 
and is active up to 1600° F. Calcium 
fluoride melts at 2480° F, so that Flux B 
is a wide melting-range flux that offers 
oxidation protection from around 800 to 
2500 or 2600° F 
immediately surrounding the 
60Pd 


Flux B were observed to be very clean and 


Except for a smal! area 
solidified 


10Ag alloy, specimens heated with 


free of oxides, at least on the side on which 
the brazing alloy was placed. On the 
opposite side, that is the side heated 


directly by the torch, the degree of oxids 


tion was somewhat greater. In either 
case, the oxide present could be largely re 
moved by wire brushing and completely 
removed by an etching treatment. Flux 
B solidified as a white, granular mass that 
could be mostly washed off in hot water 
The deposit remaining was easily removed 
by wire brushing 


shim 


Fig. 6 Sketch of frame used in holding specimens for oxy-acetylene brazing 


Brazing Molybdenum 


WELDING RESEARCH SUPPLEMENT 


us 


prepare ointe tor elevated-temperature 
testing. These joints were prepared witl 
Flux B, using Inconel as the brazing allo 
The actua nethod of preparation and : 
result btained will be d issed In @ > 
subsequent section of this pape Ho 
ever t 18 be stated her t t wher 
Flux B was used to pre t } tual joint ‘ 
making the joints, the flux was heated 
direct yy the torch and for longer peri« 
oft time than previou The molvt 
denum surtaces were | land the flu 
was ver difficult to re e ( onsider 
able work needs to be done on the de - , 
velopment of a satisfactory flux, since ox _ ; 
acetylene brazing appears to be one of the 

“ 

more practical joining methods 


« 


Oxy-acetylene-Brazing Procedure Fig. 7 Type A molybdenum oxy-acetylene brazed with 70Cu — 30Ni. XX 100 


Double-shear lap-type specimens wert 
Brazed joints were made in Types A, B and , 
( molybdenum sheet Strips of sheet 4 ee 
measuring x 2 in. were cleaned prior t 4 
brazing in the etching lution deseribe ‘ s f* Pa | 
ing-alloy foil was placed, and clamped in 
the jig shown in Fig. 6 The brazing 
alloys that were used included 60Pd i 
Stellite 21, Haynes All 25, 25-20 stan 
less IS-S stainless, Monel and 
70Cu After being covered witl ‘ > 
generous amounts of Flux A, the joints 
were heated first on one side and then or 


the other side until the brazing alloy on y a : es 
each side had melted brazing time . 2 
ranged from 25 to 50 se« After brazing 5 
the joint vere washed in hot water and Us ow 
wire brushed to remove as much flux a Fig. 8 Type A molybdenum oxy-acetylene brazed with Hastelloy C. XX 100 


possible 


f ene ed ure noi hat would give the shear strengths of the 

The acetyvlene-brazed ont were lig Ast pace ere used in brazed int than the tensile 
tested in tension at room te perature in a making these the thickne n DrAaz trengtt ol rhe rhe The induction 
dynamometer at 1 rat f 0.150 Ipm Ing alloy presel varied trom joint to joint ipparatu wd technique were 
The el general iiled in the zh tl did not have any effect on moadil seve ‘ luring the course of 
cents t ol base t i litaumats test resuit f ¢ vould estiga btain as short a 
tensile engths ranging ro te probab Lu ractice to Power for the 
80.000 vith the 1 rit iling at maintain u ttl ‘ Phe br supphed by a 30 
10.000 to 50.000 pei The « responding now that base Toit mverter Origi 
shear tre on the raze ranged tron meta 1 grain growth il i lone in vacuum in 


1000 to 12,500 psi. However, as the vert t the o wety lene \ ibe n schematically in 


specime! ed in the base metal, n braz nt ade in the vacuun Fig } Dh cations in this ap 
measure of the true shear strengths the retort I he ct that the o p i é ibed subsequently 
brazes could be obtained silure in the wet ne-t ere at i mh the test specimens 
base meta was believed to |} ye beer igher per j 
induced b ynbination of the notel 
at the Gillet and th Induction-Brazing Tests Double-Shear Tension Specimens 
reer ta on of the Iybdenum ‘ nduct heating is a proces Doub} he Lyre ension specimens 
Alm f the b “ing a sed that ed hig Lemperature Ver | molybdenum 
the « etvlene-brazing test flowed | tw ered as one method | Atte | by etching, as 
ind wet we with the eption of the for brazing n lenum An exter ‘ Le : | j e specimens were 
25-20 and 18-8 tainle teels A , int of is done with inductior a be im oxide block, as 
inetallographic « amination of everal of room hig. 0 j | tion to the braz 
the joint owed that good bor ng had ture ng Toll piece of 0.006-in 
occurred Photomicrograp! typical cimens ) il ed in the over 
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Fig.9 Schematic sketch of apparatus for induction-brazing molybdenum in vacuum 


Brazing alloy foil 


lapping portions of the joint to aet as stituted for the 2 in. tube. and a cor- 
spacers and provi le constant joint reapondingly smaller induction coil was 
clearance The joint assemb! Nth placed used An itmosphere of flowing argon 
in the Vycor tube and the stem wae was used rather than vacuum, with no ad 


than in the 25 sec or longer previously 


required, Specimens were held at tem 
perature for 5 see after melting of the braz 
ing alloy to insure good flow and wetting 
The time required to cool to below 1800° I 
was reduced to 20 se« In Fig. 12, a 
slotted-type tension specimen is shown in 
position for brazing. This type of speci 


men is described in the following sectior 


Slotted-Type Tension Specimens 


The need for a test specimen that would 
cause brazed joints in sheet to fail under 
conditions approaching pure shear l 
that would have no severe notch eTects 


resulted in the development of the 


called slotted tension specimens These 
specimens were made from Type A sheet 
The consisted of two pleces 
by 6 in. long machined as shown tn Fig. 13 
The Sper were Asset ble if ip) 


ping 0.005-in. brazing-alloy foil around the 


evacuated to 0.2 yu The induetion unit verse effects on the molybdenum surfaces end of the unslotted piece and slipping 
wae switched on, and the specimen was With this arrangement, it was possible to into the in, slot A room-temperature 
heated until the brazing alloy melted melt the brazing alloys in 5 to 6 sec, rather tension test was made with a specimer 
The specimen Was held an additional 5 see 
to insure good flow and wetting jrazes 
were tract with Hlastelloy ¢ Haynes e 
Alloy 25, Hayne Stellite 21 and 60Pd => wa 
20C'u brazing alloys he time for braz id 
ing varied from 25 to 6O The time . 4 ae 
required to cool to below 1800 was y ) 
about | min When tested in tension at - : - 
room rature ull of the jointe failed < 
in the center strip ol base metal at ulti 
mate tensile strengths ranging from 22,000 a 
to 77,000 psi. Photomicrographs of typi 
eal induetion-brazed joints are shown in ‘ 
Figs. 10 and 11, from which it may be seen 
= one rm on ~ > 
sheet averaged 50,000 pei and were gen 4 < 
in testin Thus, it was not possible to ‘ 
Fig. 10 Type A, '/\»-in. molybdenum induction brazed with Hastelloy C. 100 
determine the room-temperature shear 
trengthe of the braz nte by 
When double-shear joints were indue- 
tion brazed in vacuum, it was noted that 
the time required for the brazing alloy to 
melt was 25 to ©) ae Such lengths of 
time are undesirable in the range 2400 to 
2000 F, as they cause recrvestallization A, > 
of the molybdenum Although this is not 
an important factor in testing, where it is 
desirable to test the strength of the brazed 
joint rather than the atre ngth of the sheet ¢ 


it is important from a practical standpoint 


For example, it might be necessary to do a —_ 4 / 
forming operation on a joint after brazing 
In this case, it would be advantageous to ; td 
have the molybdenum in the unrecrystal- > ae 


lized and, therefore, more ductile condi- 


tion. In order to try to reduce the time : ‘ 

required for brazing, the induetion- Lids 

brazing apparatus was modified a number 


Fig. 11 
100 


Type A, 


the final result being shown in 
A '/ein 


of times 
Fig. 12 


Vyeor tube was sub- 


Jacobson, Martin 


Brazing Molybdenum 


<7 
3 
(ps “ 
y fi, 
4 y 4 
hf 
LAP 


ie-in. molybdenum induction brazed with Haynes Alloy 25. 
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Ig Vycor tube— ~Grazing-alioy foil Argon inlet Table 3—Results of Short-Time Tensile 
| 
\ ai Tests at 1800° F 
4 4 
Tensile 
7 r 4 let pes pat 
‘ D5 14.250 19,000 
\— High-frequency coil iH ( 12,000 16,000 
<Berrylia support H Stellite 21 12, 000 16,000 
Pd ~47Ni 9, 400 12,500 
Fig. 12 Schematic sketch of apparatus for induction brazing slotted-type speci OAg —30Pt 7 200 10,500 
mens in argon Hol y “6.400 S500 
1.500 5,000 
| 400 1,500 
duction brazed in arg wing Monel 0.003 j Phe brazed specime ver ij a —_ 
the b y I ed | f the m 
in the base metal at an ultimate tensile eep fu e, evacuating the furnace ed Type A sheet is 30,000 pei 
strength of 35,000 psi he test result and heating to LSOO° | ind loading the speci 
effi till pre | 
ture trengths were | ubove dat ugwest that the best 
4 It w helieved that the notch effect lated wit esult obtained r ilt-base a vas Inconel. The 
might be reduced considerab t 1800° | , | | vas Haynes Alloy 
bi y ising Type A sheet and Table 4—Comparison of Short-Time Shear Strength of Brazed Joints and Ultimate 
Haste C as the brazing a Th Tensile Strength of Brazing Alloys ; 
Shea trength of 
vacuul ep tu ‘ | ‘ doint in 
to observe the mann f fractu Wher yt} f olybdenum at 1800° F, 
the sper en Was remo i ym the testing Condition tA pat 
apparatus and examined, it w een to Incone Hot rolled 900 18, S00 
have failed in shear. The unslotted pis Mone Hot rolled >, OOO 12,750 
i! i Hayne te 21 Cast 4 12.000 
had be pulled out the otted piece Havnes Alloy 25 Hot rolled 29 (0) 14.250 
Thus. since failure occurred by shear in th Hastelloy ¢ Hot rolled 18, 200 12,000 
braze area, rather than by tension rie 
brazed ts could be culated Table 5—Results of Stress-Rupture Tests at 1800" F 
It was decided to make short-time ter 7 
sile tests at 1800° F on the slotted-type Brazina tre ) or Rupture 
specimen brazed witt everal different ethod ( ‘ p hee frme hr 
alloys. On the basis of the test result Haynes Alloy 25 Induction 14,250 1, 000 : 
one cobalt-Dase rie mcobalt-ba + 
brazing allo vould be selected to braz 6.750 + OOO 5 4 ¥ 
specimens for 100-hr stress-rupture teste 1500 6, 000 147 0 
Ineone Induction ik SOW) 25,000 
Short-Time Tension Tests at 1800" F 11 300 15,000 0.5 
Ten slotted-type tension specimens were 
prepared for short-tume tensile test it I 
ncone! Ov wcetvlene 7.000 10,600 
1800° F by induction brazing in an argon stan >, 600 7,500 4.2 
atmosphere The molybdenum used was », OOO 11.0 
7 pe A sheet which was chosen on the 4 
basis of its resistance to recrystallization * Short-time tensile test 
The brazing alloys were in the form of t Failed on loading (equivalent to short-time tensile test 
Fig. 13 Slotted-type specimens machined from '/\,-in. sheet. (Top) As-brazed; (bottom) before assembly 
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1800" F. XX 250 


Fig. 15 Type A molybdenum induction brazed with Monel and tested at 1800° F, 


x 250 


Fig. 14 Type A molybdenum induction brazed with Hastelloy C and tested at 


Fig. 16 Type A molybdenum induction brazed with Inconel, as-brazed. X< 100 
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25. Wherever data of other investigators 
were available, comparisons were made be- 
tween the short-time tensile strengths of 
the brazed molybdenum joints and the 
short-time tensile strengths at 1800° F of 
the brazing alloys themselves. The com- 
parison is shown in Table 4 

In the case of Inconel and Monel, the 
shear strengths of the brazes were con- 
siderably higher than the tensile strengths 
of wrought sheet, while for Haynes Stellite 
21, Haynes Alloy 25 and Hastelloy C 
the shear strengths of the brazed joints 
were lower A metallographic examina- 
tion was made of all of the brazed speci- 
mens after they had been tested. For 
Inconel and Monel, there was evidence of 
considerable diffusion of molybdenum into 
the brazing alloy, which might explain the 
increase in elevated-temperature strength 
of the brazed joint as compared with the 
strength of the alloy alone. With Haynes 
Stellite 21, Haynes Alloy 25 and Hastelloy 
C, the lower strengths of the brazed joints 
may be due to the formation of a brittle 
compound in the bond area. Photo- 
micrographs of the bond area in several of 
the fractured tension specimens are shown 
in Figs. 14 through 17 


Stress-Rupture Tests at 1800° F 


On the basis of the results obtained in 
the short-time tensile tests, Inconel and 
Haynes Alloy 25 were selected as the braz 
ing alloys to be used in making 100-hr 
stress-rupture tests. The base metal 
was '/i-in. Type A sheet. Four slotted- 
type specimens for each alloy were induc- 
tion brazed in argon, using the apparatus 
shown in Fig. 15. The time required for 
the Inconel to become molten was 6 sec, 
and for the Haynes Alloy, 5 sec. After 
the brazing alloy had melted, the speci 
mens were held at temperature for 5 
additional seconds to insure good flow 
and wetting. Oxy-acetylene brazing was 
also used to prepare four slotted-type ten 
sion specimens, using Inconel! as the braz- 
ing alloy and Flux B. These specimens re- 
quired approximately 1 min to braze 

In making the stress-rupture tests, the 
specimens were placed in the vacuum creep 
furnace, heated to 1800° F, and loaded to 
preselected stress levels that were below 
the short-time shear strengths of the brazes. 
The specimens were held under these con- 
ditions until failure occurred. All failures 
oceurred in the brazing alloy at the 
strengths shown in Table 5 

Figure 18 shows the stress-rupture 
curves drawn from the above data. The 
100-hr strength of joints brazed with 
Haynes Alloy 25 was found to be around 
4500 psi, which compares with the 100-hr 
strength of 10,000 psi for Type A molyb- 
denum sheet and 10,500 psi for wrought 
Haynes Alloy 25 sheet. The 100-hr 
strength of induction-brazed Inconel joints 
was about 5000 psi, while the figure for 
oxy-acetylene-brazed joints was approxi- 
mately 2500 psi. The induction-brazed 
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Fig. 17 Type A molybdenum induction brazed with Haynes Alloy 25 and tested 


at 1800° F. 100 


joints thus had a 100-hr shear strength A sheet and Inconel as the brazing alloy, 


that was approximately 50% of the 100-h: The specimens were heated until the In 
stress-rupture strength of wrought molyb conel melted, which required 6 sec, and 
denum sheet at 1800° I were then held at the melting point for 0, 


1, 2 and 3 sec Photomicrographs of the 


Effect of Brazing Cycle on 
Microstructure and 
Brazing-Alloy Composition 


specimens are shown in Fig. 19. The 
degree of recrystallization of the base 


metal was found to range from about 20% 


As mentioned in the previous section for the 0-se« 1M men to LOO for the 2 
the slotted ty pe tension specimens brazed ind 3-sec specimens Howe ver, the re 
with Inconel and Haynes Alloy 25 were ervstallized grain structures were rela 


prepared by heating until the brazing tivel fine indicating that the base metal 


allov melted (5 or 6 sec), and then holding might have good duetility In examining 


for 5 see to insure good flow and wetting the Inconel in the joints, it may be seen 
by the brazing allo The temperatures that for the 0 ind l-sec holding times 
attained were approximately 2700° | no second phase is present. However, for 
and, although the brazing time was ver the 2- and 3-sec holding times, a second 
short, metallographic examination showed phase is present in the Inconel. This is 
that the base metal had nevertheless also shown in Fig. 16. which is an induction 


brazed joint in T pe A molybdenum in 


which the Inconel 


recrystallized 100% This suggested that 


the 5-se« holding time might be too long was held molten for 5 


This might 
explain the observation that the short 


the Inconel during brazing 


time tensile strength of rolled Inconel 
sheet at 1800° F is 7500 psi, while the 
short-time shear strength of a joint brazed 
with Inconel! is 18,800 psi at the same tem 
perature Further evidences of diffusion 
of molybdenum into the Inconel were 


obtained by making tests to determine the 


remelt temperature of joints brazed with 


Inconel and by measuring the hardnesses 
of the Inconel. The procedure for deter- 
mining remelt temperatures was to pre 
pare a single-lap joint by induction braz 
ing, using a holding time of 5 sec. This 
single-lap joint was suspended vertically 
in an induction heating apparatus which is 
used to determine the melting point of 
metals and alloys. The joint was heated 
until the brazing alloy became molten and 
the two pleces separ ited This occurred 
at a temperature of approximately 3100° 
F, as compared with the melting point of 


2540° F for Inconel alone 


Vickers hardness readings were made on 
the Inconel in the joints held at brazing 
temperature for 0, 1, 2,3 and 5 sec. The 
hardness of the Inconel increased from 
$30 Vhn for the 0-sec specimen to 667 Vhn 
for the 5-sec specimen, It is therefore 


apparent that joi brazed with Inconel 
owe their high strength to the diffusion or 
illoying of molybdenum and Inconel 
Thus, although shorter holding times will 
reduce the degree of recrystallization of the 
base metal, a 5-see holding time is ap 
parently required to get high strength, at 


least in the case of Inconel 


Fields for Further Study 


It has been demonstrated that molyb 
denum can be joined readily by furnace 


brazing in vacuum, oxy-acetylene brazing 


Four slotted-type specimens were there 40 It is believed that this second phase with a flux and induction brazing in 
fore induction brazed in argon, using Type is caused by molybdenum diffusing into vacuum or argon From the standpoint 
—— 

Inconel braze (induction) 
Inconel braze ( oxyacetylene) 
—@— Hoynes Alloy 25 braze (induction) 
a 
° 
° 
a incone! (induction ) 
a 
Haynes Alloy 25 (induction) 
/ 
Inconel (oxyacetylene ) — 
10 100 1000 


Rupture Time, hours 


Fig. 18 Stress-rupture curves at 1800” F for brazes made with Inconel and Haynes Alloy 25 
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Fig. 19 The effect of holding time on Type A molybdenum joints induction brazed 


with Inconel 


of quality and practicability, induction 
brazing in argon appeared to be the most 
suitable brazing method, It must be 
pointed out, however, that the use of in- 
duction brazing in actual practice would 
be limited by the size and shape of the 
piece being formed. With induction 
brazing, joints were made that had ex- 


cellent strength and stress-rupture prop- 
erties at 1800° F. Tlowever, the creep 
properties of the brazed joints were not 
determined, and this 
necessary before brazed molybdenum can 
be considered for elevated-temperature 
structures. 

Strength tests in this investigation were 


information — is 


limited to 1800° F. Further tests should 
be made at higher temperatures, such as 
2000° F. 

A testing problem in the evaluation of 
brazed joints is the difficulty in measuring 
the ductility of the brazing materia! itself 
Although bend tests can be made on the 
base metal immediately adjacent to the 
brazing alloy, no actual measurements of 
brazing-alloy ductility are possible. The 
development of some method or type of 
specimen for measuring ductility in brazed 
joints would be helpful. 

In brazing molybdenum, it might be 
desirable for certain applications to keep 
recrystallization of the base metal at a 
minimum in order to maintain good duc- 
tility. With commercial grades of molyb- 
denum, it was practically impossible to 
prevent recrystallization at the high 
brazing temperatures used, even though 
the time at temperature was only a few 
seconds, One method of preventing, o1 
retarding, recrystallization would be to 
develop a brazing alloy with a melting 
point of 2400° F or less that would have 
high-temperature properties equal to or 
better than Inconel or Haynes Alloy 25 
The alloy should be capable of being rolled 
into brazing foil, and should react with 
molybdenum in a manner similar to that of 
Inconel. Another method of preventing 
recrystallization would be to use a molyb- 
denum-alloy base metal having good 
resistance to 
mental alloys of this type are already being 


recrystallization. 


investigated, and molybdenum-titanium 
alloys with reerystallization temperatures 
of 2600° F can be obtained commercially 

Since oxy-acetylene equipment is rela- 
tively inexpensive and readily available, it 
might be desirable to investigate oxy- 
acetylene brazing further. The need is for 
a flux that will protect molybdenum up to 
around 2600° F and that can be removed 
easily after brazing 
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SIGMA PHASE IN AUSTENITIC STAINLESS 


STEEL WELDMENTS 


Occurrence of sigma phase and its effects on lensile- 


impact properties of austenitic stainless steel weldments 


BY 0. H. HENRY, M. A. CORDOV!I AND G. J. FISCHER 


this thesi 
effect ol 


ABSTRACT The 


undertaken for the purpose of 


investigation deseribed in was 


determining the 


phase on the tensile-i ipact properties of aged austenitic stainless 
steel weldments in unnotched and notched conditions The pec 
fic effect of notching weldnents in the base metal, heat-affected 
zone or weld was also determined The materials selected for 
this study included AISI Types 304, 310, 321 and 347 austenitic 
stainless steels, whi were subjected to temperatures of 1200 
1350 and 1550° F for a minimum of 1500 hi All allo vere 
tested prior to aging at the above ts nperatures to establish a 
basis of comparison when in the embrittled state The effect of 
a solution anneal of 1950° F after aging at 1550° F was also 
determined 

As a result of this investigation, it was found that unnotched 
ind notched AISI Type 310 stain! steel weldment ere 
seriously embrittled at aging temperatures of 1200, 1350 and 
1550" | ile AISI ‘I es 321 and 314 veldments were em 
brittled at the lower aging temperature 1200 and 1350° | 
The notch sensitivi f wells of the latter types increase 


at 1550 mponent resuite indicates 


than base metal or heat-affects 


notch senesrive 
The preci 
elated ith decrease | tensile 


inneal of 1050° I 


welds were more 


zones in all alloys itation sigma phase wus a 


properties It wae ol 


Impact | 


served that a solutio vas effective in restoring 


of the most important phases of this investigation, A 
wide enough range of temperatures was chosen to make 
certain that all of the materials used would be exposed 
to the most favorable conditions for sigma formation. 
\lso the time at each temperature level had to be long 
enough produce Signa 

The chemical composition of the plate and bar ma- 
Table 1 
were obtained from com- 
The plate 


terial used in this study is shown in 


All ol the abo 


mercial heats of electri: 


material 


furnace steel ma- 


terial was formed from tubing and 
flattened, while the bai 


tube billet 


plit longitudinally 
tock , in. diam) was rerolled 


2 


from bar and plate stock were 


received in the hot-rolled condition 


\ detailed summary of materials, number of samples, 
post weld heat treating schedule and code system is 
Table 2.* 

During the aging treatment of alloys in (Croup II 
at 1200° F, 


temperature Tor several weeks 


shown ih 
a furnace failure occurred after the samples 


were at As a result, 


the toughness of materials embrittled at 1550° I these test pieces were ove heated and could not be used 
in such a condition in this investigation The Bab- 
. cock & Wileox Co. graciously offered to replace the 
Materials and Procedures 
ruined test bars with welded material of similar com- 
yosition. The composition of these replacement bars 
Composition and Hect Treatment 
Is shown in lable 3 
The heat treating schedule used represents one 
O. H. Henry and M. A. Cordovi Professor and Adjunct Professor 
tivel Brooklyn Polytechnic Inetitute G. J. Fischer is Directo Me 
lurgy Dept., Sam Tour & Ce 
Abstract of a thesia by George J. Fiacher mitted for the Degree of Maste * Be Section on Prepare and W gl edure’’ for preliminary 
of Metallurgical Engineering treatment 
Table | 
Form— Ba Bar Bar Plate Pla Plate 
( 0 O76 0.060 0.071 0.060 0.070 0) O08 
Mn 1 SI 1.77 1 75 1. 66 1 80 1.75 
0 0.50 22 0.30 0 51 0 43 
('r 18.54 17.88 17.63 25.24 17 18 00 
Ni 10 O4 12 8S 12 54 20 86 12 6% 12.40 
Mo 0.18 0 O8 0.13 ¥ 0 15 0.11 
Ch 0 86 0.90 
ri 0.42 0.5 
Cu 0 12 0.12 0.07 0.15 0.18 0 O% 
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Table 2 
Group I—Initial heat treatment before aging 

Type Treatment Remarks 
1850° F, hr.; oil quenched Bar stock 
$21 1850° F, '/, hr.; oil quenched Bar stock 
$21 1850° F, '/, hr.; fast furnace cooled Welded 
347 1850° F, '/, hr.; fast furnace cooled Welded 
310 No treatment Welded 


Group Il-—-Samples aged at 1200° F for 1512 br 

Group IlI-—Samples aged at 1350° F for 2120 hr 

Group IV—Samples aged at 1550° F for 1500 br 

Group V Gonaies aged at 1550° F for 1500 hr, followed by a re- 
solution anneal at 1950° F for '/, hr; then water quenched 
Nore: Before aging at various temperatures noted, al] sarnples 

in Groups II, IIL, [V and V were heat treated in accordance with 

the schedule followed for Group I. 


Table 3 

Type S304 310 321 347 
Carbon 0.05 0.12 0. 054 0.07 
Manganese 0.48 1.74 1.7 1.41 
Silicon 0.53 0.83 0.42 0.48 
Chromium 19.61 25 04 18.44 18.21 
Nickel 0. 20 18. 88 12.44 10. 10 
Molybdenum 0.03 0.06 0.22 
Columbium 0.77 
Titanium 0.32 
Tantalum ; 0.04 


Welding Procedure 


All of the stainless steel material tested in this in- 
vestigation was furnished by the Babcock & Wilcox 
Co., Tubular Products Division, Beaver Falls, Pa. 
The material was supplied in both plate and bar form, 
the former for the purpose of preparing specimens con- 
taining welds, 

The plate material was subsequently welded by the 
M. W. Kellogg Co., Jersey City, N. J. A description 
of the sequence of operations used by Kellogg for the 
preparation and welding of the material is given below. 


Preparation and Welding Procedure 

1. All plates welded were cut to approximately a 
3 in. width with the direction of rolling. 

2. Plates were then solution treated at 1950° F for 
one-half hour, followed by oil quenching. 

3. Plates were flattened, beveled on one edge of 
each set at 45 deg, other edge square. 

1. Plates were welded in a flat position with light 
beads. Backing was removed after second bead. 
Assembly was then tacked to a heavy carbon steel plate 
to minimize distortion. Precautions were taken to keep 
the plates cold 

5. A Type 347 chill strip backing was provided for 
Types 321 and 347 plate, while a laminated chill strip 
containing three (spot-welded) thicknesses of 
thick Type 310 strip was used as backing for the 310 
plates. As noted above, all chill strips were removed 
after the second bead 

6. The following welding rods (with heat numbers) 
were used for welding the plate material. 
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Plate type Welding electrode 
310 Arcos lime-coated Type 310 
‘/,in. diam rod—no heat number 
5/»-in. diam rod——E2350, U310, F15122 
321 and Arcos lime-coated Type 347 
347 '/,-in. diam rod—-D2489, T308, F55117 
5/e-in. diam rod—E2241, U308, F 105013 


The welding sequence used for Types 310 and 321 is 
shown below. 


I nterpass 


Size wire, temperature, 


Bead No. in. Amp V 
sO 22 100 
2 22 100 
3 110-115 22 100 
5/4 110-115 22 100 
5 and 6 9/59 110-115 22 100 
7 and 8 5/99 110-115 22 100 


The welding sequence for Type 347 plate was as 
follows: 


Inter pass 


Size wire, temperature, 


Bead No in. {imp | 
80 22 100 
2 V/s SO 22 100 
3 ‘99 110-115 22 100 
4 8/9 110-115 22 100 
5 and 6 5/s9 110-115 22 100 
7 and 8 110-115 22 100 
9 and 10 8/3 110-115 22 100 


Nore: Materials in both above cases were water 
quenched after each layer, 

7. After welding, the reinforcement was ground 
flush with the plate. 

8. All welds were X-rayed and zygloed on both 
sides to detect any possible defects. All welds were 
found to be sound. 

%. Specimens were then cut from the welded plate. 

Plates were welded perpendicular to rolling direction 
of plate material. Samples were cut parallel to direc- 
tion of rolling to insure that the tests would be con- 
ducted with the tensile load parallel to the rolling direc- 
tion, 


Welding Procedure of Replacement Bars 


As noted in the previous section on chemical com- 
position, a separate group of bars wes prepared for 
replacement of material overheated at 1200° F. The 
welding procedure used for these replacement speci- 
mens Was identical to that used by the M. W. Kellogg 
Co. Since Areos HCN (25Cr—-20Ni) electrode ma- 
terial was not available, the Babcock & Wilcox Co 
25Cr-—20Ni welding rod was used as a substitute 
material. 


Test Specimens 
Tensile-impact test specimens were prepared from 
both plate and bar stock by machining to the dimen- 


WELDING RESEARCH SUPPLEMENT 


p 

“4 

=, 

| 


0 818 2.301"- - -— rie THC 
0.125 
; 
A 
393 > 
344 0 96° ig = 


If 


Len 
937” 


Fig. 1 Test specimen (unnotched and notched) 


sions shown in Fig. |. These dimensions are specified 
by the American Society for Testing Materials as 
Type V and Type U in the appendix to Standard £23 
47T for Impact Testing of Metallic Materials. As can 
be seen from Fig. 1 Type V was utilized to determine 
the toughness of unnotched base and weld metal. A 
photograph of two unnotched test samples, one from 
bar stock and the other from welded plate, is shown in 
Fig. 2. Type U specimen in Fig. 3 was used to de- 
termine the relative notch sensitivities of the base 
metal, heat-affected zone and weld metal. The position 


of the weld in regard to the notch was shifted so that 


the notch was always at the center of the test bar 


Fig. 2 Unnotched specimens, bar and welded plate 


This is shown in Fig. 3 where three Type U specimens 
are shown notched individually in the weld metal, 
It will 


be noted that one plate was beveled and the other 


heat-affected zone and base metal, respectively 
square. This was necessary since the squared part of 
the weld junction provided a continuous heat-affected 
zone perpendicular to the applied load which could be 


notched '/, in. from the weld. 


Fig. 3 Notched specimens, bar and welded plate 
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Fig. 4 Testing machine 


Test Method 


The tensile-impact tests described in this investiga- 
tion were conducted with the aid of a Riehle combina- 
tion Izod, Charpy and tensile-impact testing machine 
of 220 ft-lb capacity 
tensile-impact, the Charpy and Izod anvils had to be 


In order to test specimens in 


removed and replaced with two anvils of equal length 
as shown in Fig. 4. One end of the tensile-impact 
sample (threaded at both ends) is screwed into the rear 
of the pendulum bob while the other end is serewed into 
the impact crosshead As the pendulum swings from 
its initial position through the lowest point in its are, the 
crosshead strikes the anvils causing the entire inertia of 
the pendulum to be exerted axially upon the specimen, 


All tests were conducted at room temperature. 


Metallography 

The etchants used to identify sigma by metallo- 
graphic examination include glyceregia, Vilella’s 
agent (picric and hydrochloric acids in aleohol), and 
10 N potassium hydroxide used electrolytically. 

In this investigation, glyceregia was used chiefly to 
etch Type 310 steel, while Vilella’s reagent was used to 
etch Types 321 and 347. It was found that the KOH 
etchant was very effective in revealing sigma in Types 
310 and 321 steel 

A compilation of the microstructural constituents 
observed in each of the samples examined is shown in 
Table 4. 

From the microstructural survey, it was noted that 
sigma phase formed in Type 310 weld and base metal 
after aging at 1200, 1350 and 1550° F. Evidence of 
sigma phase was found in base and weld of Type 321 
steel after aging at 1200 and 1350° F and only in the 
In Type 347 ma- 
terial, sigma phase was precipitated in base and weld 
metal after aging at 1200, 1350 and 1550° F. Car- 
bides were precipitated in Type 304 after aging at 
1200, 1350 and 1550° F 
F redissolved the carbide precipitate. 


weld metal after aging at 1550° F. 


Solution annealing at 1950° 
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Table 4 
Location of 
sample Treatment Structure* 
Type 310 
Weld Anneal A+C 
Weld junction Anneal A+C 
Base Anneal A 
Weld 1200° F 
Base 1200° F A+8 
Weld 1350° F A+8+C 
base 1350° F A+84C 
Weld 1550° F A+8+4+C 
Weld junction 1550° F A+8+C 
Base F A+84+C 
Weld 1550 + 1950° F A+8’ +C’ 
Weld junction 1550 + 1950° F A +8’ +C’ 
Base 1550 + 1950° F A+8’4+C’ 
Type 321 
Weld Anneal A+C 
Base 1200° F A+8+C 
Weld 1200° F A+8+C 
Weld 1350° F A+8+4+C 
Weld 1350° F A+8+C 
Base 1350° F A+8+C 
Weld 1550° F A+8 +C 
1550° F A+C 
Weld 1550 + 1950° F A +8’ +C’ 
Have 1550 + 1950° F A+C 
Type 34? 
Weld Anneal A+C 
Base 1200° F A+8+C 
Weld 1200° F A+8+C 
Base 1350° F A+8+C 
Weld 1350° F A+8+C 
Base 1550° F A+C 
Weld 1550° F A+8+C 
Base 1550 + 1950° F A+C 
Weld 1550 + 1950° F A+cC 
Type 304 
Base Anneal A 
Base 1200° F A+C 
Base 1350° F A+C 
1550° F A+C 
Base 1550 + 1950° F A 
Type 821 
Anneal A+C 
Base 1200° F A+C 
Base 1350° F A+8+C 
Base 1550° F A+C 
Base 1550 + 1950° F A+C 
*A » austenite, 8 = sigma, C = carbide, 8’ = partially dis- 


solved sigma, C’ = partially dissolved carbide. 


Magne-Gage Tests 


A determination of the ferrite content of welds and 
base metals under all of the various heat treated con- 
ditions was included in this study. The method used 
was dependent on magnetic measurements made with 
the aid Aminco-Brenner Magne-Gage. This 
instrument is used to determine the thickness of non- 


of an 


magnetic coatings on steel, nickel coatings on steel and 
nickel coatings on nonmagnetic metals by measuring the 
relative ferromagnetism of magnetic materials. 

The results of these Magne-Gage tests are shown in 
Table 5 


From the results of the microstructural survey and 
ferrite content determination, the following observa- 
tions were made. The formation of sigma phase in 
welds of Types 321 and 347 transformed initially from 
ferrite present in the welds in the annealed condition. 
After solution annealing these materials at 1950° F, 
following the aging treatment at 1550° F, ferrite formed 
from the sigma phase which precipitated at 1550° F. 
Ferrite was not detected in the original as-welded Type 
310 material. 
contained ferrite after solution annealing at 1950° F 
which formed from the massive sigma particles pre- 
cipitated during the 1550° F aging treatment. 


However, both base and weld metal 


Tensile-impact Tests 


The experimental results and calculated data ob- 
tained from the tensile impact tests are shown in 
Figs. 5 and 6. No elongation or reduction in area data 
were recorded for notched bars since these properties 
would be practically zero in all conditions. Some 
specimens required two blows before rupturing; the 
material under test absorbed the full 220 ft-lb of the 
first blow and required an additional amount of energy 


of (x) ft-lb to rupture. 


Discussion of Results 


The average values of results for unnotched bars are 
depicted graphically in Fig. 5. Similarly, the results 
for notched bars are presented in bar graph form in 
Fig. 6. A study of these results indicates certain trends 
which are briefly discussed below. 


1. AISI Type 304 (18Cr — 8Ni) 


This material exhibited satisfactory toughness and 
ductility both in the unnotched and notched conditions, 
although some evidence of notch sensitivity was ap- 
parent in the latter case. This is not unexpected in 
view of the fact that the temperature range used repre- 
sents the region where carbide precipitation occurs in 
this material. No evidence of sigma formation was 
detected, 


2. AISI Type 321 (18Cr - 8Ni Ti) 


No serious embrittlement occurred in the unnotched 
bar stock and welded material after aging at 1550° F 
although some reduction in impact properties was 
observed in samples at 1200 and 1350° F. The dele- 
terious effects of these low aging temperatures are 
easily discernible in the data obtained on notched base 
and weld metals. It is significant that these effects oc- 
curred at the temperature range where metallographic 
examination revealed maximum sigma precipitation 


Table 5 


Anneal -—~ ~1200° F— 
Base Weld Base Weld 
sd 310 0 0 0 0 
+ $21 0 15 0 0 
- 347 0 20 0 0 


% Fe (Magne-Gage) 


1840° F -—1550° F— 1550 + 1950° F 
Base Weld Base Weld Base Weld 
0 0 0 0 1.5 15 
0 0 0 0 0 10 
0 0 0 0 0 05 
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The results indicate that solution treatment at 1950° F 
effectively restored the original notched impact prop- 
erties. 


3. Type 310 (25Cr 20Ni) 


The unnotched weldments suffered serious embrittle- 
ment after aging at 1200, 1350 and 1550° F. A sharp 
decrease in impact values for notched base metal, 
heat-affected zone and weld occurred at these aging 
temperatures. The maximum embrittling effect was 
noted after aging at 1550° F for both notched and un- 
notched material. 

In all samples where low impact values occurred, 
sigma phase was present, with the maximum amount 
forming at the aging temperature of 1550° F. 

As a result of solution annealing at 1950° F, the 
tensile-impact properties were restored to the original 
values exhibited by the annealed material. 


4. AISI Type 347 (18Cr 8NiCb) 


Unnotched welded material was severely embrittled 
after aging at 1350° F. The notched weld samples were 
embrittled after aging at 1200 and 1350° F, while the 
heat-affected zone samples were more notch sensitive 
after aging at 1350° F. It was noted that maximum 
sigma phase precipitated at 1350° F. Since the mate- 
rial was not embrittled to any great extent at 1550° F, 
the effectiveness of the treatment in restoring impact 
values could not be evaluated from the solution heat 
treatment given. 

In general, it will be noted that in each alloy group 
tested, weld metal was the most notch sensitive, heat- 
affected zones less notch sensitive than welds, while 
base metal exhibited the least notch sensitivity. 

The aging temperature at which unnotched material 
and notched components of the various stainless steel 
specimens were most adversely affected is summarized 
in Table 6 with its associated microstructure. 


ENERGY TYPE FREQUENCY 
>25 BASE 
FT LB H A ZONE 
WELO 
<25 30 BASE 
FTLB H.A. ZONE 
WELD 
>25 324 BASE 1 | 
FTLB H.A ZONE 
WELD 
<25 324 BASE 
FT LB ZONE 
WELO 
>25 347 BASE 2.5 
FTLB H.A. ZONE 
WELD 
<25 347 BASE 
FTLB H.A. ZONE 
WELO | 
‘234648 
NUMBER OF 


AVERAGE VALUES 
Fig. 7 Analysis of notched bar results 
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Table 6 


Aging temperature 
al lowest impact 


Type value, ° F Microstructure 
Unnotched 
304 Bar 1550 A+C 
321 Bar 1350 A+S8S + 
310 Welded 1550 A+5 + 
321 Welded 1200 A+8 + ¢ 
347 Welded 1350 A+8 + (¢ 
Notched 
310 Base 1550 A+8+C 
H. A. 1550 A+84+C 
Weld 1550 A+8+C 
321 Base 1200 A+8+C 
H. A. 1350 A+8+C 
Weld 1350 A+8+C 
347 Base 1200 A+8+C 
H. A. 1350 A+8+C 
Weld 1200 and 1350 A+8+C 
304 Base 1200 A+C 
321 Base 1200 A+8+C 


With the exception of Type 304, it was noted that 
maximum sigma phase was present in all cases where 
the most serious embrittlement occurred. Although 
impact properties were restored by the 1950° F solution 
treatment, sigma phase was not completely dissolved at 
this temperature. A sigma and carbide free structure 
was noted after solution annealing Type 310 material 
at 2100° F for one-half hour, which had been previously 
aged at 1550° F. 

Figure 7 depicts an analysis of notched bar results. 
The frequency of notched values occurring above and 
below 25 ft-lb (which represents 50% of the highest 
notched bar value obtained) is arranged in groups of 
AISI type and location of noteh. The following 
designations were used in Fig. 7 to indicate the heat 
treatment for each sample: 


TREATMENT 


Annealed. . ; I 
Aged at 1200° F.. II 


Aged at 1350° F. it 

Aged at 1550° F...... IV 

Aged at 1550° F followed by solution 
treatment at 1950°F ... 


The greater notch sensitivity of 

x Type 310, as compared to that of 
x Types 321 and 347, is evident. In 
Xx the case of 321 and 347, the heat- 
affected zones and weld metal were 

more adversely affected by aging 

than the base metal. Aging tem- 

x peratures of 1200°, 1350° and 1550° 
x F for Type 321 heat-affected zone 
x and weld metal decreased the ten- 
4 sile-impact value by more than 50°). 
xxx Type 347 heat-affected zone was 
embrittled over 50°) after aging at 

1200 and 1350° F, while weld metal 
was embrittled at 1200, 1350 and 
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1550° F. The tensile-impact toughness for all alloys 
was over the 50% level in the annealed and the 
solution annealed conditions. 


Conclusions 

1. AISI Type 310 material was adversely affected by 
sigma precipitation at aging temperatures of 1200, 
1350 and 1550° F with the most serious embrittlement 
occurring at 1550° F. 

2. Embrittlement of AISI Types 321 and 347 
materials due to sigma phase occurred over the narrower 
aging temperature range of 1200 and 1350° F 

3. Maximum sigma phase precipitation was evident 
in the most seriously embrittled samples of each alloy 
group. 

4. From the above observations, it may be con- 
cluded that stress relief heat treatment following fabri- 


cation for AISI Types 321 and 347 may be accom- 
plished at temperatures of from 1500 to 1600° F without 
However, a higher 
stress relieving temperature of 1750° F must be em- 
ployed for Type 310 material to avoid embrittlement. 
5. Generally, the notch sensitivity of welds in any 
of the materials tested was greater than either base 
metal or heat-affected zones when exposed to sigma- 
forming temperatures. It is therefore important to 
eliminate any condition, such as undercutting during 
welding, whereby a notch might be formed in a weld. 
6. The solution heat treatment at 1950° F for one- 
half hour followed by water quenching was successful 
in restoring embrittled material of Types 310, 321 and 
347 to the original annealed tensile-impact values, al- 
though sigma phase was not completely dissolved in 


danger of sigma embrittlement 


every case. 
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INTERNATIONAL COLLECTION 


OF REFERENCE RADIOGRAPHS OF WELDS 


As everybody knows, a great number of radiographs 
are taken of important welded structures such as boilers, 
bridges and steel structures. To make possible the cor- 
rect interpretation of such radiographs and the assess- 
ment of the quality of the welds, collections of reference 
radiographs have been used. These radiographs show 
welds with typical defects, and the cards to which the 
reference radiographs are attached contain information 
with regard to weld defects and radiographic data 

The standard collections which have been made 
available so far have been accepted only within the 
country of origin. 

One of the first tasks of the International Institute 
of Welding (IIW) was to prepare a Collection of Refer- 
ence Radiographs of Welds which could be accepted 
in all countries represented in the IIW. In Commission 
5 a great number of suitable radiographs were examined 
by experts from the member countries of the ITW and 
63 of them were selected and accepted as reference radio- 
graphs for various typical weld defects. The complete 
issue will consist of 79 samples. This collection has 
thus been accepted at an international level. 

The IIW made responsible for executing its decision 


Feprvary 1955 


the following national institutes for technical X-ray 


service: 


Svejsecentralen, Denmark. 
Réntgen Technische Dienst, Holland. 
R¢éntgenkontrollen, Norway 
Tekniska Réntgencentralen, Sweden, 


The collection employs the card system which has 
the following advantages: 

1. It is easy to enlarge the collection and separate 
radiograph cards can be replaced by better ones. 

2. The cards are punched in accordance with a sys- 
tem which makes it very easy to pick out all radio- 
graphs showing a certain weld defect, for instance 
porosity. 

The card system has also made it possible to employ 
normal transparent film copies, which give exactly 
the same definition and contrast as the original radio- 
graphs. The collection is available in two different 
forms, viz.: 

1. Paper copies pasted on the cards. These copies 
mounted in a ringbinder, are cheaper and less fragile 
than the film copies, and can be viewed in normal day- 
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Fig. | Reference radiograph (paper copy) showing a sound vertical weld (degree: “black"’) 


light. The paper copies therefore are very suitable 
for use on the site or for educational purposes. 

2. Transparent film copies inserted in a rectangular 
hole in the ecard. This type of card is intended for 
all normal interpretation under office conditions, a 
special viewing box being necessary. 

The cards contain information with regard to marks, 
weld defects, welding position and plate thickness as 
well as radiographic data. The text on one side of the 
card is in English; on the other, French. 

Both members of the A.W.S., who are entitled to 
obtain the collection at about 10% discount, and non- 
members should place their orders with the Central 
Office: Tekniska Rdéntgencentralen, Experimental- 
filtet, Sweden. Karlaviigen 20, Stockholm 0. Bank 
Sevenska Handelsbanken. 

The prices in Sw. Cr. to nonmembers are: 


Collection Transparent films Paper copies 

Issue 1952 with Ist Supplement 250 180 
1053 

Complete issue, of which the 2nd 
Supplement 1054 will be de- 
livered after acceptance by the 


320 220 


These prices are exclusive of an expedition fee of 
Sw. Cr. 5: per copy, and the postage from Central 
Office to the buyer. 
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The corresponding amount in any currency valid 
in Sweden will be accepted. 


Fig. 2 Illustration of both collections. Film copies in box 
(above). Paper copies in ringbinder (below) 
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FATIGUE STRENGTH OF BUTT WELDS IN 
STRUCTURAL STEELS 


minary investigations to improve the fatigue 
Preliminary tigal the fati 
properties of welded joints through removal of rein- 
forcement and use of low-hydrogen electrodes 


BY L. A. HARRIS, G. E. NORDMARK AND N. M. NEWMARK 


SUMMARY. Fatigue tests have been conducted of full-seale butt 
welds in carbon steel plates with the stress applied either parallel 
to or perpendicular to the direction of welding. The welds were 
deposited with either the £7016 low-hydrogen electrode or the 
E6010 high-cellulose electrode. The specimens were tested with 
either the reinforcement on or removed by grinding. 

For the specimens tested with the stress perpendicular to the 
direction of welding, there was no significant difference in the 
fatigue strength of welds produced with the two types of elec- 
trode and tested with the reinforcement on or off. For the speci- 
mens tested with the stress parallel to the direction of welding, 
the scatter is large, but the E7016 welds with the reinforcement 
either on or off are generally more resistant to repeated loadings 
than the £6010 welds, especially if failure occurs after a relatively 
low number of highly stressed cycles. 

An extensive re-evaluation of the past fatigue tests of butt 
welds conducted at the University of Illinois has been made to 
evaluate the use of different welding procedures. 


Introduction 
Object and Scope of Investigation 


It has been the purpose of most of the previous 
fatigue tests of welded joints to provide sufficient 
experimental data from which it would be possible 
to determine, quantitatively, the fatigue strength 
of welded joints of different types, and thence to deter- 
mine allowable stresses for use in the design of struc- 
tures subjected to repeated loads. With advances in 
welding techniques, recent interest has been directed 
toward methods of improving the fatigue behavior of 
weldments. During the last three years, the Ohio 
River Division Laboratories of the Corps of Engineers, 
U. 8. Army has sponsored a research program at the 
University of Llinois which has had as its chief objective 
a comparison of the properties of welds produced with 
the E7016 low-hydrogen electrode and the £6010 high- 
cellulose electrode. 

The first phase of the study of the fatigue behavior of 
welded joints prepared with E7016 and E6010 elec- 
trodes was an investigation of the fatigue properties of 
small scale, polished, all-weld-metal specimens.' The 
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results of the tests of the all-weld-metal specimens indi- 
cated that the weld metal deposited with the E7016 
electrode had a fatigue strength which was at least 
17,000 psi greater than that of the weld metal deposited 
with the E6010 electrode. On the basis of the encourag- 
ing results from the fatigue tests of the low-hydrogen 
weld metal, a series of fatigue tests was undertaken to 
determine whether this improvement would be reflected 
in fatigue tests of full-scale welded joints. The present 
investigation represents the first phase of this study of 
full-scale welded joints, a study of the fatigue proper- 
ties of butt welds. 

It is the purpose of the current series of tests to com- 
pare the fatigue and static properties of butt welds pro- 
duced with E6010 or £7016 electrodes. Two types of 
butt weld specimens were tested: the longitudinal butt 
weld with the applied stress parallel to the direction of 
welding and the transverse butt weld with the applied 
stress perpendicular to the direction of welding. The 
butt welds were tested either with the reinforcement on 
or with the reinforcement removed by grinding and were 
subjected to a zero-to-tension stress cycle. 

In order to describe more completely the fatigue be- 
havior of butt welds, an extensive review of the fatigue 
tests of longitudinal and transverse butt welds con- 
ducted previously at the University of Illinois has been 
included in this paper. The past specimens were welded 
with different joint preparations, in different positions, 
and with different electrodes. The tests reported are 
those which employed either a zero-tension or a tension- 
compression stress cycle and the joints were tested either 
with the mill scale on or with the mill scale off. Some 
specimens were subjected to special pre- or postweld 
treatments. 

Description of Steel 

The steel plate used in the present tests was ordered 
to comply with the American Bureau of Shipping specifi- 
cation for Type B steel. The average chemical analysis 
and physical properties are included in Table 1. The 
steel, which was supplied as */,-in. rolled plates, meets 
both the ABS specification and the ASTM A7 specifica- 
tion for chemical composition, but the average physical 
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—Physieal Properties ——— 


Yield Tensile Yelonga- Reduc- 

point, strength, tion in tion %, 

Steel pat pst 8 in. area, % 
Bulletin 310, ASTM A7 31,000 54,500 34 61 
Bulletin 327, ASTM A7 34,800 61,300 31 5A 

Bulletin 344, ASTM A7 

Series X 30,700 59,000 30 54 
Series Y 20,500 62,300 29 52 
Series Z 31,000 60,200 30 59 
All but above 33,600 63,300 30 54 
Bulletin 350, ASTM A7 38,200 62,700 30 57 
Bulletin 384) ASTM A7 36,100 58,900 31 53 
1953-54, ASTM A7! 33 , 300 57,400 33 62 


Table |—Properties of Plate Material Used in Past and Present Transverse Butt-Weld Fatigue Tests 


Fatigue strength* 


f 100.000, S 2.000 


Cc Mn P Si psi psi k 
0.15 0.50 0.024 0.022 0.06 30,300+ 1 0 10 
0.26 0.47 0.015 0.034 0.01 49,800 31,600+f 0.18 

59, 0.18 
0.25 0.49 0.009 0.029 0.00 
0.24 0.47 0.017 0.029 0.03 
0.19 0.51 0.018 0.029 0.01 
0.26 0.54 0.010 0.034 0.01 aes 
0.20 0.42 0.015 0.027 0.23 
0.21 048 0.013 0.0387 .. 49,100$ 34,700f 0.10 
0.17 068 0.016 0.039 0.03 ve 34,6007 0.18 


35,300+§ 0.18 


* Zero-tension stress cycle. 

+ Tests reported in Bulletin 302, 
Reinforcement on. 

Reinforcement off. 


Ordered to American Bureau of Shipping Specification for Type B steel. 


properties do not meet either specification for tensile 
strength, the average tensile strength being only 57,400 
psi. 
Preparation of Longitudinal Butt Welds 

The details of the completed butt weld specimens are 
shown in Fig. 1. The center section, containing the test 
weld, was made up of two 6-in. wide pieces, machined 
to provide for a double-V butt weld having a 60-deg 
included angle and a '/y-in. root opening. After the 


Table 2—Weld Procedures 


Open- 
circuit 
Diameter, Current, Voltage, _ voltage, 
Electrode in. amp v v 
Transverse butt welds 
E6010 
First pass 125 25 81 
2-6 pans the 160-170 26 8&3 
E7016 
First pass */\s 145 20 82 
2-6 pass 5/0 200 20 83 
Longitudinal butt welds 
E6010 
First pass /ve 135 24 85 
2-6 pass */6 150-160 25 85 
7016 
First pase */is 165 20 84 
2-6 pase 200 21 86 
° 
4'- 0" 


(a) Longitudinal butt weld 


Fig. | Details of butt-weld specimens 
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longitudinal weld had been completed, the center sec- 
tion was welded to two pull heads for installation in the 
testing machine. 

In making the longitudinal weld, the two halves of the 
center section were first securely bolted to the welding 
jig, shown in Fig. 2, which could be rotated about a 
horizontal axis to permit deposition of all passes in the 
flat position. After deposition of the first pass, the 
weld was back chipped until no visible defects were pres- 
ent. Fifteen minutes of air cooling was allowed be- 
tween the first and second passes but only 5 min between 
all succeeding passes. The specimens were air cooled 
after deposition of the last pass. The welding sequence 


Jig in position for second poss 


WELDING RESEARCH SuPPLEMENT 


Fig. 2. Welding jig for longitudinal butt-weld specimens 
4 
(b) Transverse butt weld 


£6010 welds- 


Table 3—Results of Present Longitudinal Butt-Weld Fatigue Tests 


Cyeles to 


Cycles to - Fatique atrength* Fatigue strength*—— 
Stress, failure, Si00.000, f ¢.000,000, Stress, failure, f 100,000, S2.000,000, 
Spec. pst 108 psi psi Spec. psi 108 pst pst 
Specimens tested with the weld reinforcement on ; 
H7 40, 100 86.0 39 , 300 H9 40 ,000 184.0 13, 400 ey : 
H19 30 ,000 451.7 36 , 400 24,700 H74 29, 500 751.1 26,000 
H77 30 ,000 417.4 36 , 200 24,400 H88 30,000 447.3 36,700 24,800 
H79 36 ,000 89.2 35,600 H90 39 , 500 177.3 12,600 
29,600 304.5 34, 200 30 ,000 1223 .7 28, 200 
H97 40 ,000 123.0 41,100 H100 40,000 207 .7 14,000 
H103 36 ,000 180.6 38 ,900 
Avg 37 , 400 24,500 Ave 41,700 26, 300 
Specimens tested with the weld reinforcement off 
Hil 40 ,000 124.2 41,100 HI18 40 ,000 503.7 19, 400 
H20 40 ,000 38.5 36 , 300 H76 30 ,000 4514.71 30 ,000 +- 
H75 30 ,000 2883 .2 30 ,000 H78 29, 500 1244.0 27,800 
39 , 800 169.6 12,600 H92 39 , 900 361.5 17, 100 
H93 29,500 1845.8 29, 200 H96 40, 400 100.1 18, 400 32,800 
H99 40 ,000 82.9 39,000 H102 30,000 3189.1 30 ,000 +- 
H101 30 ,000 1803 .7 29 ,600 
Avg 39 , 800 29 , 600 Ave 18, 300 30 , 200 + 
*k = 0.13. 


t Specimen did not fail. 


was such that a change of electrode occurred in the test 
section in each pass of the weld, adjacent passes were 
welded in opposite directions, and changes of electrode 
in adjacent passes did not occur one over the other. 
The */-in. diam E6010 and E7016 electrodes were 
operated at the current and voltage levels, given in 
Table 2, which were measured on portable meters con- 
nected as close to the are as possible. After the com- 
pletion of welding, the specimens were machined to 
the shape shown in Fig. 1 and the edges were draw-filed. 

A portable disk grinder was employed to remove the 
weld reinforcement and the mill scale from the entire 
center section for those specimens to be tested with the 
reinforcement off. The grinding was started with a 36 
grit wheel and finished with a 120 grit wheel in such a 
manner that the scratches were parallel to the direc- 
tion of loading. The mill scale and the rolling defects 
were ground off in the section between pullheads to pre- 
vent failure at irregularities out of the test section. 
Preparation of Transverse Butt Welds 

The transverse butt weld specimen, shown in Fig. 1, 
had an increased width at the joint during welding to 
enable the ends of the weld to be machined from the 


Lever 


DYNAMOMETER 


UPPER PULL HEAD 


TEST SPECIMEN 


TURNBUCKLE 
VARIABLE ECCENTRIC — 
MOTOR — 
LOWER PULL HEAD / 
- 
ee! 
ee, 


Fig. 3 Schematic diagram of Wilson fatigue-testing 
machine 
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Table 4—Results of Present Plain Plate Fatigue Tests 


Cycles to Fatigue strength* 
Stress, failure, {100.000 JS2,000.000, 
Spec. pat 10" pat pai 
Mill scale on 
H10 35, 500 1508 0 35,200 
H46 40,000 450.3 33,000 
H49 37 ,000 1078.3 34,100 
H58 37 , 200 1627 .2 36, 200 


Avg. 34,600 
Mill seale off 


H51 39,000 810 9 34,700 
H56 37 , 400 1137.5 34,800 
H61 36, 400 3454.1° 36, 400+ 


Avg 35, 300-+- 


*k = 0,18, 

’ Specimen did not fail. 
specimen before testing. The plate was saw cut at the 
joint and was prepared in a shaper for a double-V butt 
weld having an included angle of 60 deg and a '/,¢-in. 
root opening. The welding procedure employed 6 
passes and the */,»-in. diam £6010 and E7016 electrodes 
were operated at current and voltage levels given in 
Table 2. 

The other details of preparation were the same as for 
the longitudinal butt welds, except that the specimen 
was allowed to cool for 5 min between all passes. 
Those specimens to be tested with the reinforcement re- 
moved were ground in the same manner as the longi- 
tudinal butt-weld specimens, but only for a distance 
of about 2 in. from each edge of the weld, 

Test Procedures 

The fatigue tests were performed at room temperature 
in two 200,000-lb capacity, Wilson lever type fatigue 
testing machines which ran at a speed of approximately 
200 cpm. The essential features of the machine, shown 
in Fig. 3, are a variable throw eccentric which transmits 
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b. TESTS OF TRANSVERSE BUTT WELDS 


Fig. 4 Results of present fatigue tests of butt welds 


&6010 E7016 
(b) Specimens tested with the weld reinforcement removed by grinding 


Fig. 5 Typical fatigue fractures of longitudinal butt welds 
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£6010 E7016 
(a) Specimens tested with the weld reinforcement on 


force through a dynamometer (for determining the load 
on the specimen) to a lever which in turn transmits the 
force to the upper pull head at a multiplication ratio of 
approximately 15 to 1. The variable throw eccentric 
is adjusted to give the desired range of stress before the 
test is started and the maximum load is controlled by 
the adjustable turnbuckle mounted between the eccen- 
tric and the dynamometer. The stress is determined 
by an Ames dial which measures the vertical deflection 
across the throat of the dynamometer to the nearest 
0.001 in. All of the present tests were run on a stress 
cycle (referred to as a zero-tension cycle) which varied 
from a low tension, required to keep the bearings seated 
properly, to a maximum tension. 

After a specimen had been bolted in the fatigue ma- 
chine, a stress equal to the maximum desired stress was 
first statically applied to the specimen. Plastic strain- 
ing occurred for those specimens to be tested above 
their yield points; hence, it was necessary to allow 
sufficient time for the specimens to strain statically 
under the maximum load before the load could be 
maintained under repeated loadings. 

The fatigue machines were run continuously. They 
were equipped with a micro-switch which stopped the 
machine if the maximum deflection of the specimen 
increased suddenly. The load was checked frequently 
at the start of a test, but later only as often as necessary 
to maintain the desired load. Failure is defined in these 
tests as the number of cycles of loading resisted by the 
specimen before the fatigue crack was large enough to 
actuate the micro-switch which stopped the fatigue ma- 
chine. 


Tests of Longitudinal Butt Welds in ASTM A7 
Steels 


Present Fatigue Tests of Longitudinal Butt Welds 

The results of the tests of the longitudinal butt welds 
and of the corresponding plain plates are presented in 
Table 3 and 4, respectively, and in Fig. 4. The fatigue 
strengths corresponding to failure at 100,000 and at 
2,000,000 cycles ({100,000 and f2,000,000) have been 
computed from the empirical relationship f = S(N/n)*, 
in which S is the stress corresponding to a test failure 
after N cycles, f is the stress corresponding to failure 
after the desired number of cycles, n, and k is an experi 
mentally determined constant.? For those specimens 
having a fatigue life greater than 2,000,000 cycles, 
the value of S has been used as the fatigue strength 
at 2,000,000 cycles. 

Based on the results of previous tests, the values of k 
have been set equal to 0.13 for the weld tests and to 
0.18 for the plain plate tests. 
of k from 0.13 to 0.18 changes the value of the computed 
fatigue strength by a maximum of approximately 9° 
(for failure occurring at 500,000 cycles). The closer the 


A variation in the value 


experimental number of cycles to the desired number 
of cycles, the smaller will be the difference in the fa- 
tigue strengths computed from the different values of k. 
The plain plate average fatigue strengths correspond- 
ing to failure at 2,000,000 cycles, 34,600 psi for the 
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specimens with the mill scale on and 35,300 psi for the 
specimens with the mill seale off, were greater than the 
yield strength of the plate, which was 33,300 psi. 

In the SN diagram of Fig. 4, it is apparent that the 
specimens tested with the reinforcement removed gener- 
ally had a higher fatigue strength than the specimens 
with the reinforcement on, and that the welds produced 
with the E7016 electrode generally were stronger in 
fatigue than the welds produced with the E6010 elec- 
trode. From Table 3, comparison of the results of the 
specimens with the different electrodes, tested with the 
weld reinforcement on, shows that the welds produced 
with the E7016 electrode have an average fatigue 
strength for failure at 100,000 cycles about 4000 psi 
greater than those produced with the E6010 electrode. 
For failure at 2,000,000 cycles, the E7016 welds are 
about 2000 psi stronger than the £6010 welds, 

Removal of the weld reinforcement increased the 
fatigue strength, but not uniformly, The E7016 longi- 
tudinal butt welds had fatigue strengths which were in- 
creased a greater amount for failure at 100,000 cycles 
than for failure at 2,000,000 cycles. On the other hand, 
the increase in the fatigue strength of the E6010 welds 
for failure at 2,000,000 cycles was considerably greater 
than the increase in the fatigue strength for failure at 
100,000 cycles. Therefore, for failure occurring at 
100,000 cycles, the E7016 longitudinal butt welds 
tested with the reinforcement off are about 9000 psi 
stronger than the 6010 welds, whereas for failure at 
2,000,000 cycles the two types of weld have about the 
same fatigue strength. 

In general, the results of the fatigue tests of the longi- 
tudinal butt welds, both with the weld reinforcement 
on and with the weld reinforcement removed by grind- 
ing, indicate that the £7016 welds are likely to be more 
resistant to repeated loadings, especially under condi- 
tions in which failure occurs after a relatively low 
number of high stress cycles 

With the exception of one 16010 weld, all of the 
specimens tested with the weld reinforcement on started 
to fail at the surface of the weld. Although all of the 
6010 welds with the reinforcement on contained de- 
fects (porosity or inclusions) in the weld metal, only the 
one fracture originated at a defect in the weld metal. 
The fracture surfaces of the £7016 specimens did not 
contain defects in the weld metal. About half of the 
fractures originated at the surface of the weld where 
the electrode had been changed; however, these failures 
occurred at about the same fatigue strength as the 
failures which originated at the surface of the weld 
away from the change in electrode. Typical fracture 
surfaces of the longitudinal butt welds are shown in 
Fig. 5 

All of the failures of the £6010 welds tested with the 
weld reinforcement ground off seemed to be initiated at 
defects in the weld metal. Only one of the failures of 
the E7016 welds tested with the reinforcement off 
initiated from a defect (near the surface) in the weld 
metal, the remainder of the failures initiated from the 
surface of the weld, 
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b. LONGITUDINAL BUTT WELD TESTS 
Fig. 6 Results of past and present fatigue tests of longitudinal butt welds 


H26 
(a) E6010 Welds 


H17 
(b) E7016 Welds 


Fig.7 Typical fatigue fractures of transverse butt welds with the reinforcement on 
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Table 5—Summary of Results of Past and Present Fatigue Tests af Longitudinal Butt Welds 


Average fatigue strength® ———-——~ 
Position of Special pre- or postweld Si00.000, S2,000.000, 
Bulletin Electrode welding treatments pst psi A 
Specimens tested with the weld reinforcement on 
384 £6010 Flat None 38 , 500 24,300 0.15 
1953-54 £6010 Flat None 37,400 24,500 0.13 
1953-54 E7016 Flat None 41,700 26, 300 0.1% 
384 £6010 Flat High-temperature stress relief 40 , 300 26, 100 0.14 
384 E6010 Flat Mechanical stress relief 39,900 27,700 0.13 
384 £6010 Flat Low-temperature stress relief 19,900 28, 200 0.19 
Specimens tested with the weld reinforcement off 
384 £6010 Flat None 49,300 25,300 0.23 
1953-54 £6010 Flat None 39, 800 29,600 0.13 
1953-54 t E7016 Flat None 18 , 300 30 , 200 + 0.13 
384 £6010 Flat High-temperature stress relief 18 , 300 32,600 0.18 
384 £6010 Flat Mechanical stress relief 14,500 31,500 0.12 
384 £6010 Flat Low-temperature stress relief 16, 300 32,700 0.11 


* All specimens tested on a 0-tension stress cycle. 
t Present series of tests. 


Review of Previous Longitudinal Butt-Weld Fatigue Tests 

The results of the past*® and the present longitudinal 
butt-weld fatigue tests are presented in Table 5 and in 
Fig. 6. The properties of the plain plate used in these 
tests are given in Table 1. 

(a) 
On: For the longitudinal butt welds tested in the as- 
welded the E6010 of the 
(1953-54) series of tests have about the same average 


Specimens Tested with the Weld Reinforcement 


condition, welds present 
fatigue strengths as the previous tests, but the E7016 
welds of the present series have an average fatigue 
strength which is about 10% greater than the fatigue 
strength of the previous E6010 welds. The previous 
tests of specimens with high temperature or mechanical 
stress relief treatments have average fatigue strengths 
which are about as great as that of the E7016 welds. 
Only the E6010 welds subjected to a low-temperature, 


(about 10 to 20°%) fatigue strength than the as-welded 
E7016 specimens, 

(b) Specimens Tested with the Weld Reinforcement 
Off: Without subsequent treatment, the previously 
tested £6010 welds had a higher fatigue strength for 
fracture at 100,000 cycles and a lower fatigue strength 
for fracture at 2,000,000 cycles than the 1953-54 series 
of E6010 welds. The past specimens without a stress 
relief treatment had average fatigue strengths as great 
as, or greater than, the stress relieved specimens for 
failure at 100,000 cycles, but all three stress relief 
treatments (high-temperature, mechanical and low- 
temperature) significantly increased the fatigue strength 
corresponding to failure at 2,000,000 cycles, The 
E7016 welds performed about as well as any of the 
longitudinal welds with the reinforcement off. 

Removal of the weld reinforcement generally in- 


stress-relief treatment had a substantially greater creased the fatigue strength by 10 to 20% except for 
Table 6—Results of Present Transverse Butt Weld Fatigue Tests 
£6010 Welds £7016 welds 
Cycles to Fatigue strength*—— Cycles to Fatique strength*— 
Streas, failure, f 100.000, f 2,000,000, Stress, failure, f 100,006, S2.000,000, 
Spec. psi 10° psi pst Spec. psi 108 pai pet 
Specimens tested with the weld reinforcement on 
H1i2 29,400 537.9 36,600 24,800 H13 29,100 354.8 34,300 
28 ,000 539.4 34,900 23 , 600 H17 39 ,000 117.8 39 , 800 
H22 26 ,000 802.2 23,100 H21 26 ,000 1097 .0 24,000 
H26 35,000 95.3 34,800 H25 39 , 600 98.8 39 , 600 
H32 26 , 300 984.0 24,000 H31 24 , 200 1243.8 21,800 
H48 36 ,000 53.2 33 , 200 H65 25,700 3056 .2 25,700 
H54 25,000 1695.4 24,500 
Avg 34,900 24,000 Avge 37 , 900 23,800 
Specimens tested with the weld reinforcement off 
H28 35,000 112.7 35 ,600 H27 32,000 179.1 34,600 pes 
H30 26 ,000 530.1 32 , 300 21,900 H39 26 ,000 2079 .7T 26 ,000 +- 
H40 23,400 771.0 20 , 700 H43 35 , 200 177.1 37 ,900 ry 
H44 25 , 400 541.2 31,600 21,400 H45 36, 100 1808 .9 35,600 
H50 35 ,000 74.0 33 , 600 H57 30 , 500 533.7 38 ,000 25,700 
H60 23 ,000 2810.9 23,000 H64 30 , 500 118.8 31,200 é 
Avg 33 , 300 21,800 Avg 35 , 400 20, 100+ 
*k = 0.13. 
t Specimen did not fail. 
Fesrvary 1955 Harris, et al.-Fatigue Butt Welds 89-8 


= 
ae 
8. 


(eo) £6010 weld 


(b) E7016 weld 


Fig. 8 Typical fatigue fractures of transverse butt welds with the reinforcement ground off 


the welds which had a low-temperature stress-relief 
treatment, in which case the fatigue strength corre- 
sponding to failure at 100,000 cycles was less after 
removal of the weld reinforcement. 


Tests of Transverse Butt Welds in ASTM A7 
Steels 
Present Fatigue Tests of Transverse Butt Welds 

The results of the transverse butt weld tests are 
plotted in an SN diagram in Fig. 4 and are summarized 
in Table 6. One of the most important features of the 
SN diagram is the relatively narrow seatter band 
within which the test results fall, regardless of the varia- 
tions in the welding procedure. For the specimens 
tested in the as-welded condition, both the E6010 and 
the £7016 welds have the same average fatigue strength 
for failure at 2,000,000 cycles, whereas the E7016 
welds have an average fatigue strength for failure at 
100,000 cycles which is about 10° greater than the 
average fatigue strength of the E6010 welds. For the 
specimens tested with the weld reinforcement ground 
off, the E7016 welds have an average fatigue strength 
slightly greater than the E6010 welds for failure at 
100,000 cycles and about 30° greater for failure at 
2,000,000 cycles. The large difference in the average 
fatigue strengths in the latter case is caused by the ex- 
ceptionally high fatigue strength of the E7016 specimen 
tested at 36,000 psi, which resisted 1,800,000 cycles 
before failing in the plate away from the weld. 

Removal of the weld reinforcement has decreased the 
fatigue strength of the E6010 welds. The E7016 welds 
with the reinforcement off also have a lower fatigue 
strength than the E7016 welds with the reinforcement 
on for failure at 100,000 cycles; however, the fatigue 
strength for failure at 2,000,000 cycles is greater by 
about 20%. 

For E6010 welds with the reinforcement on, the frac- 
ture originated more often in the weld metal (5 speci- 
mens) than at the edge of the weld (2 specimens). In 
order to improve the fatigue properties of the E6010 
welds, it appears that both regions of the joint would 
have to be strengthened. In contrast, all of the 
E7016 welds tested with the reinforcement on started 
to fail at the edge of the weld, indicating that the fa- 
tigue properties of the complete joint are controlled 
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by the fatigue strength of the region at the edge of the 
weld. Photographs of typical fracture surfaces are 
shown in Fig. 7. 

All but one of the fatigue fractures of the transverse 
butt welds with the reinforcement ground off originated 
in the weld metal at an internal inclusion or gas pocket. 
The one exception, an E7016 specimen, failed in the 
base plate away from the weld at a higher fatigue 
strength than the other specimens. It is possible that 
the slight reduction in the average fatigue strengths of 
the specimens with the weld reinforcement ground off 
was caused by the defects in the weld metal. Photo- 
graphs of typical fatigue fractures are shown in Fig. 8. 


Scope of Study of Previous Fatigue Tests of Transverse 
Butt Welds in ASTM A7 Steels 

In order to determine if any advantage might be 
obtained from the use of the various welding tech- 
niques, a re-evaluation has been made of the fatigue 
tests of transverse butt welds conducted previously at 
the University of Illinios.*~? The design of the speci- 
mens tested previously was generally of the types shown 
in Fig. | although some of the specimens were of differ- 
ent thicknesses and others were of a reduced size. The 
results of the past tests were analyzed to study the 
influence of the following variables: (1) the type of 
electrode, (2) the welding procedure, (3) the location of 
fracture, (4) the type of stress cycle and (5) the removal 
of the weld reinforcement. 

The physical properties and the chemical analyses of 
the A7 steels used in the past and the present tests are 
summarized in Table 1. Although several of the 
steels do not meet the ASTM A7 specification for yield 
point and tensile strength, the tensile properties and 
the chemical compositions of the different steels are 
similar, Comparison of the average fatigue strengths 
of the plate materials indicates that, in the absence of 
stress raisers, the steels behave in somewhat the same 
manner to repeated stresses. Only the steel used in the 
present (1953-54) program had a fatigue strength 
corresponding to failure at 2,000,000 cycles which ex- 
ceeded the coupon yield strength. 


Review of Past and Present Fatigue Tests of Transverse Butt 
Welds with the Reinforcement On 


Comparison of the welds produced with the different 
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Fig. 9 Average fatigue strengths of 
past and present transverse butt welds: 
Zero-tension cycle 


electrodes is facilitated by use of the 
summary ‘Table 7, which contains 
the average fatigue strengths of the 
reported tests ligure 9 is a bar 
graph of the average fatigue strengths 
of the tests on a zero-tension cycle 
and Fig. 10 shows a summary SN 
diagram which contains all of the 
test results of welds in the as-welded 
condition. The latter diagram shows 
the very large amount of scatter 
encountered in the tests of the butt 
the various 
types of electrode. For instance, 
for a stress cycle of 0 to 20,000 psi, 
butt weld might fail 
after as few as 200,000 cycles of 
loading or might withstand as many 
as 8,000,000 cycles without failing. 

In evaluating the test results in 
terms of an average fatigue strength 
corresponding to failure at a given 
number of cycles, the large amount 
of scatter is likely to be overlooked. 


welds prepared with 
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Fig. 10 Summary of results of all past and present fatigue tests of transverse butt welds in the as-welded condition 
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Table 7—Average Results of Past and Present Fatigue Tests of Transverse Butt Welds 


Fatigue strength: Fatigue strength: 
————Weld reinforcement —-——-Weld reinforcement off — 
Tension = Tension = 
—-compression—~ —-Zero-tension—~ ——compression — 
Position of S00.000, Ss.000.00, Sr00.000, 42,000,000, Si00.000, J2.000,000,  fi00.000, 2.000.000, 
Electrode welding pst psi pai psi pst psi psi pst 
16010 Flat 33,200 22,300 20,500 13,500 33, 300- 26,400 28,000 
, 200 
Flat-overhead 32,900 17,000 
Horizontal 17,800 12,200 
Vertical 25,800 19,000 16,900 11,800 
boo12 Flat 34,200 22,100 22,600 12,700 38,100 26 , 500 
Vertical 29,800 18,100 
6013 Flat-overhead 35,200 20,700 
Vertical 31,600 21,200 21,500 13,600 
6020 Flat 32,000 22,000 13,500 
16030 Flat 31,200 21,200 21,600 12,800 
E7016 Flat 37,900 23,800 35, 400 29, 100 
Automatic Flat 30,800 20,000 21,000 12,800 ‘ i 23,000 14,900 
Specimens prepared with pre- and postweld special treatments 
Not given Flat 22,300 
Each pass peened 
£6010 
High temperature stress relief Flat 31,900 23,700 21,300 15,100 39,300- 28,000 24,500 16,600 
53, 
£6012 
High temperature stress relief Fiat 36 , 800 31,200 


Not given 


High temperature stress relief Flat 63, 300 


23,200 


* The range of the results was so large that an average was not computed. 


cussed in the paper are averages only, and the deviation 
from the average, clearly indicated by the SN diagram, 
must be considered in designing a structure to resist 
repeated loadings. It is likely that the test results from 
an individual specimen will vary as much as 30% from 
the averages reported in the tables. Although the 
comparison must be considered a crude one, the average 
fatigue strengths do allow a comparison of the results 
of tests of the welds prepared with different electrodes. 

Comparison of the average fatigue strengths of the 
welds produced with the different types of electrode and 
tested on a zero-tension cycle is most easily made by 
means of the bar graph. In general, for the specimens 
tested in the as-welded condition, the E7016 electrode 
appears to produce welds having slightly greater 
average fatigue strengths than those produced with 
the other electrodes. It is interesting to note that the 
automatically prepared welds behaved no more con- 
sistently in fatigue than the manually deposited welds 
and were among the welds having the lower fatigue 
strengths. In the SN diagram, it can be seen that the 
results of the tests of the welds prepared with the dif- 
ferent electrodes overlap to a considerable extent, and 
the difference in their fatigue behavior is small com- 
pared to the scatter of the test results. For the 
specimens tested on a zero-tension cycle, the average 
fatigue strengths ranged from 25,800 to 37,900 psi for 
failure at }00,000 cycles and from 17,000 to 23,800 psi 
for failure at 2,000,000 cycles. The specimens tested 
on a tension = compression cycle have fatigue strengths 
which are about 60 to 70% of the zero-tension fatigue 
strengths. 
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The lowest fatigue strengths from individual speci- 
mens were obtained from tests of E6010 specimens. 
On a zero-tension cycle, the lowest test result cor- 
responded to a fatigue strength of 21,500 psi for failure 
at 100,000 cycles and 14,500 psi for failure at 2,000,000 
cycles; for the tension = compression cycle, the lowest 
test results corresponded to a fatigue strength of about 
14,000 psi for failure at 100,000 cycles and about 9000 
psi for failure at 2,000,000 cycles. 

There was a fairly consistent relationship between 
the fatigue strength of the test specimens and the posi- 
tion of welding. In the results of the tests of the E6010 
and the E6012 welds, the welds deposited in the flat 
position had fatigue strengths which were about 10 
to 20% greater than those of the welds deposited in 
the horizontal or the vertical positions. The limited 
number of tests of specimens welded in the flat-overhead 
position had too great a scatter to make a reasonable 
comparison, the results varying from among the strong- 
est to among the weakest specimens. 

Generally, there was no correlation between the 
fatigue strength and the location of failure, although 
the lower fatigue strengths (on a zero-tension cycle) 
of the E6010 welds were usually associated with 
failure in the weld metal. 

The results of the specimens prepared with special 
welding techniques, tabulated in the summary Table 7, 
indicated that peening each pass or stress relief heat 
treating the completed weld produced welds having 
average fatigue strengths about the same as those of 
the as-welded specimens. Therefore, the use of either 
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procedure would not be justified solely to increase the 
fatigue strength of the transverse butt welds. 


Review of Past and Present Fatigue Tests of Transverse Butt 
Welds with the Reinforcement Off 

(a) Welds Tested on a Zero-Tension Cycle: The 
results of the limited number of tests of welds with the 
reinforcement removed are summarized in Table 7 
and in Fig. 11. All of the welds, with the exception 
of the E7016 welds of the 1953-54 series, had approxi- 
mately the same average fatigue strength corresponding 
to failure at 2,000,000 cycles. However, there was a 
large variation in the average fatigue strengths cor- 
responding to failure at 100,000 cycles. The differences 
in the behavior of similarly prepared joints is so ex- 
treme that no attempt will be made to compare the 
results for failure at 100,000 cycles. 
with a high-temperature stress-relief treatment 
about the same average fatigue strength as the speci- 


The specimens 
had 


mens without heat treatment, although the stress-re- 
lieved specimens had results which were generally in 
the high range of the scatter band from the specimens 
without the heat treatment. 

Removal of the weld reinforcement has generally 
resulted in an increase in the fatigue strength. For 
the welds produced with the E6010 and the E6012 
electrodes, the zero-tension average fatigue strengths, 
given in Table 7, are increased about 20% for failure 
at 2,000,000 cycles. For failure at 100,000 cycles, 
the results vary widely, although improvement (from 


0 to 50%) generally results with removal of the weld 
reinforcement. In contrast, the fatigue strength of the 
E7016 welds is increased about 20° for failure at 
2,000,000 cycles, but is decreased about 6% for failure 
at 100,000 cycles. 

(b) Welds Tested ona Tension = Compression Cycle: 
Only a limited number of tension = compression fatigue 
tests were made of specimens with the weld reinforce- 
ment removed. The overlapping of the scatter bands 
in the SN diagram of Fig. 11 indicates that the speci- 
mens subjected to a 1200° F stress-relief treatment 
behaved about the same as the specimens without heat 
treatment. The average fatigue strengths, given in 
Table 7, indicate that the E6010 welds are somewhat 
stronger than the welds deposited automatically. 
Generally, removal of the weld reinforcement increased 
the fatigue strength of the transverse butt welds tested 
on a tension = compression cycle from 10 to 40%. 


Review of Past Fatigue Tests of Transverse Butt 
Welds in Silicon Steel and in Low-Alloy, 
High-Tensile Steel 
Scope of Investigation 

Only a very limited number of fatigue tests have 
been made of transverse butt welds in structural steels 
other than plain carbon ASTM A7 steels. Two series 
of fatigue tests have been conducted of transverse 
butt-welded joints in silicon steel and three series of 
One additional 
series of tests has been made of transverse butt-welded 


tests of low-alloy, high-tensile steels. 


70 o -E60I0 v- E706 e@-E60I0 High Temperature Stress Relief | 
o- Electrode Not Specified | y—E70I6 High Temperature Stress Relief 
| | | | lol | | of” 
‘0 50 100 200 500 1000 2000 5000 
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= 
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| 
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b TENSION = COMPRESSION STRESS CYCLE 
Fig. 11 Results of past and present fatigue tests of transverse butt welds with reinforcement off 
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Table 8—Properties of Silicon Steel and Low-Alloy, High-Tensile Stee! Used in Past Fatigue Tests of Transverse Butt Welds 


~—Physical 
Yield Tensile élonga- Reduction 


point, strength, tion in of area, content, 
Steel pai par 8 in. % c Mn P S Si Cu Ni Cr Va 
Bulletin 310 
Silicon steel 49, 800 80,700 25 57 030 0.91 0.022 0.027 0.23 
Bulletin 327 
Low-alloy steel 59,100 78,900 21 62 0.16 1.27 0.022 09036 020 0.03 0.02 0.12 
Bulletin 350 
Low-alloy steel 
Series 13-18 (0, 400 79,700 30° 68 0.18 0.96 0.019 0.026 0.15 0.20 0.04 0.10 
Series 16-48 55,300 76,800 23 61 0.15 1.06 0.014 0.035 005 0.37 0.13 
— Average fatigue strength—————- - 
J 100,000, S2.000,000, 
Steel Stress cycle pai pst k 
Bulletin 310 
Silicon steel Zero-tension 35, 800t 0.10 
Bulletin 327 
Low-alloy steel Tension = compression 35,300 26, 400+ 0.10 


* In 2 in, 

Mill seale on. 
joints connecting an A7 steel to a low-alloy, high-tensile 
steel, 

The chemical analyses and the physical properties of 
the steels used in the past tests are presented in Table 8. 
The data in this table indicate that the ductility and 
the tensile strength of the two steels are about the 
same, but the yield point of the low-alloy, high-tensile 
steels is greater than that of the silicon steel. If 
one assumes that the tension = compression fatigue 
strength is 65% of the zero-tension value, the fatigue 
strength corresponding to failure at 2,000,000 cycles 
for the low-alloy, high-tensile steel would be about 
41,000 psi for a zero-tension cycle, compared to 36,000 
psi for silicon steel. Thus, the silicon steel has a fatigue 
strength only slightly greater than that of the A7 steels, 
whereas the low-alloy, high-tensile steels have a fatigue 
strength about 20°) greater than that of the A7 steels. 


Review of Past Fatigue Tests of Transverse Butt Welds in 
Silicon Steel 


The results of the fatigue tests of the transverse butt 
welds in silicon steel are given in Table 9 and in Fig. 12. 
Three specimens were tested in the as-welded condition 
and three with the weld reinforeement removed. The 
removal of the weld reinforcement did not improve the 
fatigue behavior of the joint, the average fatigue 
strengths corresponding to failure at 2,000,000 cycles 
being about 23,000 psi. The comparable welds in plain 


carbon A7 steels, summarized in Table 7, had average 
zero-tension fatigue strengths corresponding to failure 
at 2,000,000 cycles which ranged from 17,000 to 24,000 
psi in the as-welded condition, and from 26,500 to 
29,000 psi with the weld reinforcement off. Thus, the 
butt welds in silicon steel have average fatigue strengths 
which are equal to or less than those of butt welds in 
plain carbon steel. 

The ratio of the yield point of the silicon steel to that 
of the plain carbon A7 steels was approximately 1.4, 
whereas the ratio between their fatigue strengths was 
approximately 1.0. Therefore, for silicon steel welded 
structures which must withstand repeated loadings, 
the design stresses will have to be based on the ability 
of the structure to withstand repeated loads. Under 
these circumstances, it would be more economical to 
use the less expensive plain carbon A7 steels. 


Review of Past Fatigue Tests of Transverse Butt Welds in 
Low-Alloy, High-Tensile Steels 


Only three series of fatigue tests, all on a tension = 
compression cycle, have been conducted of butt welds 
in low-alloy steels. For these limited tests, the average 
fatigue strengths ranged from 23,000 to 26,400 psi for 
failure at 100,000 cycles and from 15,400 to 18,000 psi 
for failure at 2,000,000 cycles. The ratio of the yield 
point of the low-alloy steel to the yield point of the 
plain carbon steel was approximately 1.65, whereas 


Table 9—Results of Past Fatigue Tests of Transverse Butt Welds in Silicon Steel and in Low-Alloy, High-Tensile Steels 


Position —~ Average fatigue strength———-—— — - — 
of Special Pre- or Postweld 100,000, 
Bulletin Electrode welding treatments Stress cycle psi pst k 
Welds in silicon steel 
310 C-Mo type Fiat None Zero-tension 22,800 0.10 
310 C-Mo type Flat Reinforcement machined off Zero-tension 23,700 0 10 
Welds in low-alloy, high-tensile stee] 
327 Navy grade EA Flat None Tension = gompression 25,7 15,400 0.17 
350 £6010 Flat None Tension = compression 23,000 a 0.14 
350 H6010 Flat Ground flush root side only Tension = compression 26,400 18,000 0.14 
Welds joining carbon steel to low-alloy, high-tensile steel 
350 £6010 Flat None Tension = compression 25,800 13,700 0.17 
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b. WELDS IN LOW ALLOY HIGH TENSILE STEEL; TENSION= COMPRESSION 


Fig. 12 Results of past fatigue tests of transverse butt welds in silicon steel and in low-alloy, high-tensile steel 


the ratio of the fatigue strengths of the butt welds in 
the same steels was only about 1.2. Thus, as for the 
silicon steel, the design of a welded structure of low-alloy 
high-tensile steel subjected to repeated loadings would 
have to be based on the fatigue strength of the welded 
joints. 

One series of tests was conducted of a transverse butt 
weld joining a plain carbon steel to a low-alloy, high- 
For the fatigue 
strength for failure at 100,000 cycles was about the same 


tensile steel. this series of tests, 
as that for the welds in the low-alloy steels, whereas 
the fatigue strength for failure at 2,000,000 cycles was 
about that of the welds joining two plain carbon steel 
Thus, as might the 


strength of welds joining dissimilar steels is probably 


plates. be expected, fatigue 
equal to the fatigue strength of similarly prepared 


joints in the weaker of the two steels. 


Conclusions 


The following conclusions are based on the results of 
the present experimental program. 

1. In general, the E7016 longitudinal butt welds, 
both with the reinforcement on and with the reinforce- 
ment removed by grinding, are slightly more resistant 
to repeated loadings than the E6010 welds, expecially 
under conditions in which failure occurs after a rela- 
tively low number of highly stressed cycles. 

2. Removal of the weld reinforcement significantly 
increases the zero-tension fatigue strength of the longi- 
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tudinal butt welds produced with both the E6010 and 
the E7016 electrodes 

3. The results of all of the present tests of transverse 
butt welds prepared with the E6010 and the E7016 
electrodes fell within a narrow scatter band, differences 
in the fatigue strengths of the two types of weld being 
relatively small 

4. Removal of the weld reinforcement of the trans- 
verse butt welds generally decreased slightly the fatigue 
strength, with one exception; an increase was obtained 
in the fatigue strength of the £7016 welds for failures 
at 2,000,000 cycles 

The following conclusions are based on the results 
of the re-evaluation of the past and the present fatigue 
tests of transverse butt welds in plain carbon ASTM A7 
steels. 

1. A large amount of scatter was encountered in 
the past fatigue tests of transverse butt welds. For the 
as-welded joints with welds deposited in the flat position 
the range in the average zero-tension fatigue strength 
was from 30,800 to 37,900 psi for failure at 100,000 
cycles and from 21,200 to 23,800 psi for failure at 
2,000,000 cycles Individual butt-weld specimens 
might have a tension = compression fatigue strength as 
low as 9000 psi for failure at 2,000,000 cycles. 

2. Generally, the tension = compression fatigue 
strength is 60 to 70% of the zero-tension fatigue 
strength. 

3. The welds deposited in the flat position have a 
significantly greater fatigue strength than those de- 
posited in the horizontal or the vertical positions, 
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4. In general, there was no correlation between the 
fatigue strength and the location of failure, although 
the lower zero-tension fatigue strengths of the E6010 
welds were usually associated with failure in the weld 
metal. 

5. The welds prepared with the E7016 electrodes 
had slightly greater fatigue strengths than those pro- 
duced with the other electrodes. 

6. Neither peening of each pass nor stress-relief 
heat treating the completed weld consistently increases 
the fatigue strength of transverse butt welds. 

7. Removal of the weld reinforcement generally, 
but not always, increases the fatigue strength of trans- 
verse butt welds. 

The following conclusions are based on the results of 
the re-evaluation of the past transverse butt-weld 
fatigue tests in silicon steel and in low-alloy, high- 
tensile steel. 

1. Butt welds in silicon steel have average fatigue 
strengths which are equal to or less than those of the 
butt welds in plain carbon steel, in spite of the greater 
yield and ultimate strengths of the silicon steel. 

2. Butt welds in the particular low-alloy, high- 
tensile steels tested have fatigue strengths which are 
only as much as 20% greater than those of butt welds in 
plain carbon steels, although the yield point of the 
low-alloy, high-tensile steel was about 65% greater. 

3. A transverse butt weld joining a plain carbon 
steel to a low-alloy, high-tensile steel is likely to have a 
fatigue strength equal to that of a similarly prepared 
joint in plain carbon steel. 
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Summary Report of Contact 
Resistance Subcommittee— 
Welding Research Council 


Contact between two metallic sur- 
faces is never uniform over the entire 
apparent contact area. Actual contact 
occurs only at small subareas and these 
may be few in number. This physical 
phenomena gives rise to Contact Re- 
sistance. 

Dr. Kouwenhoven, Johns Hopkins 
University, and his associates have been 
studying electrical contacts, and have 
found that contact resistance may be 
divided into two components. One, 
called the interface resistance of the 
contact, which is affected by surface 
films, by temperature, by contact pres- 
sure and other factors, and two, the 
spreading resistance which results from 
the constricting action on the current 
flow of the small subareas in actual 
electrical contact. The spreading re- 
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sistance was found to be of considerable 
magnitude; and, in many cases, it 
represents the major contribution to 
the resistance of a contact. A very 
important development has resulted 
from this study—a simple method was 
found for substantially reducing the 
magnitude of the spreading resistance 
component. This consists only in sub- 
dividing the contact area into small 
subareas spaced uniformly over the 
apparent contact area. This work, 
after a lapse of time, will be continued 
with the object of making it possible 
to accurately predict the electrical 
resistance of a contact, and to demon- 
strate to industry how this method of 
reducing contact resistance can be 
readily applied. 

The results of this work are of great 
significance to the entire electrical in- 
dustry. In normally prepared contacts 
the spreading resistance is larger than 
the interface resistance. The resistance 
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of contacts can therefore be substan- 
tially reduced by applying the method 
developed during this study. This 
method is presently being used by a 
major manufacturer of electric re- 
sistance welding machines to reduce and 
control the electrical resistance of con- 
tacts in the secondary circuit of spot 
and seam welders. It may be profit- 
ably applied to such diverse items as 
joints in busbars, contacts on dis- 
connect switches, circuit breakers and 
magnetic contactors, relay contacts and 
collector rings. 

A thorough understanding of the laws 
of contact resistance will bring about 
improvements in the consistency and 
quality of resistance welds. It is prob- 
able that this program will bring about 
important engineering and economic 
gains in the entire electrical industry. 


(Research News continued on page 104-8) 
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DIRECT EXPLOSION TESTS OF WELDING 
PROCEDURES IN SHIP PLATE 


Report on investigation of performance of semikilled 


carbon steel ABS Class B and rimmed steel 


Introduction 


A series of investigations,’ sponsored by 
the Bureau of Ships, Department of the 
Navy, revealed considerable difference in 
performance of welded alloy steel plate 
when subjected to the system of triaxial 
stresses believed to exist in the Direct Ex- 
plosion Test. The Ship Structure Com- 
mittee became interested in determining 
whether corresponding differences in per- 
formance would not be found in low-carbon 
steel plate used for the construction of 
merchant marine vessels. The Committee 
was particularly interested in determining 
whether differences in welding procedure 
would not result in a marked difference in 
performance 

Accordingly, the Ship Structure Com- 
mittee sponsored an investigation* wherein 
two heats, one of fully killed ABS Grade 
C and the other semikilled ABS Grade B, 
both 1 in. thick, were welded with differ- 
ent welding procedures and subjected to 
Direct Explosion Tests. The principal 
result of this investigation indicated a 
marked improvement in performance of 
fully killed steel when welded with low- 
hydrogen electrodes over the performance 
of the same steel when welded with cellu- 
lose type electrodes. The difference in 
performance of semikilled steel when 
welded with the two respective grades of 
electrodes was less pronounced, the net 
effect. being to approximate the perform- 
ance of killed steel when welded with 
Although con- 
siderable scatter was observed to exist in 


cellulose type electrodes. 


the performance of semikilled steel plates 


welded with low-hydrogen electrodes, 


G. S. Mikhalapov and W. A. Snelling are with the 
Coast Metals, Inc., and E. A. Thorne Enterprise, 
Inc., respectively. 


The Investigation described in this paper wae 
supported by the Ship Structure Committee as 

rt of ite research program. The work was per- 
jah under the terms of Contract NObs-2386 
between the Bureau of Ships, Department of the 
Navy, and the Metallurgical Research and De- 
velopment Co. 

The opinions expressed herein are those of the 
authors and do not necessarily represent the 
views of the Ship Structure Committee or its 
member agencies. 
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ABS Class A under direct explosion test 


BY G. S. MIKHALAPOV AND W. A, SNELLING 


even the specimens exhibiting the poorest 
performance still appeared to maintain a 
although not 
superiority over the plates welded with 
cellulose type electrodes. 

Accordingly, it was decided that an 
additional investigation should be con- 
ducted to determine the degree of magni- 
tude of improvement of structural per- 
formance which the use of low-hydrogen 


substantial, spectacular, 


electrodes produced in semikilled steel 
and, if possible, to establish whether it 
was of real significance. In addition, a 
brief investigation of the performance of 
rimmed steels under the Direct Explosion 
Test was also undertaken. 

However, part way through the investi- 
gation it became apparent that perform- 
ance of a single heat of semikilled steel 
was not uniform but varied very con- 
siderably depending on the particular slab 
and even plate used. As a result, a 
secondary objective of the investigation 
developed, and an attempt was made 
to establish the degree of variation of 
performance which can exist within one 
heat of steel and to correlate, if possible, 
this variation with conventional notched 
sensitivity tests, such as Charpy impact 
and Navy tear tests. 

An additional original objective of this 
investigation was a comparison of per- 
formance evaluation by Direct Explosion 
Test with performance evaluation by the 
Stand-off (Explosion Bulge) Test as de- 


veloped by the Naval Research Labora- 
tory. However, because of the differ- 
ence in performance existing between 
different plates of the heat of steel pur- 
chased, the results of this comparison ap- 
pear to be somewhat inconclusive, 


Method of Testing 


The Direct Explosion Test has been 
described in a number of previous re- 
ports. * It will be remembered that the 
test consists of subjecting a number of 
identical specimens to a blow produced by 
an explosion of a cylindrical charge of an 
explosive powder packed to a desired 
density. The magnitude of each charge 
is progressively increased until an energy 
value is reached which just fractures a 
specimen. The extent of deformation of 
the specimen subjected to the explosion of 
a charge just below the minimum charge 
to fracture is noted and provides an in- 
dication of the maximum deformation the 
plate tested can sustain under the test 
condition. Specimen failure is said to 
have occurred when the total length of 
(Actually, in 
the present investigation the overwhelm- 
ing majority of plates which fractured at 


all fractures exceeds 18 in. 


all fractured into several pieces, ) 

As stated above, two grades of ship 
plate were procured, ABS Class B semi- 
killed steel, and ABS Class A* rimmed 


* Clase A composition and etrength specifica 
tion rolled to */, in. thiekness 


Table 1—Legend—Plate Code No. 


Steel Code Heat Slab Ingott Cut 
designation No. Mill No. No No No. Plate 

AR 1 Carnegie-Illinois 73U399 123519 2 2 A 
AR 2 Carnegie-Illinois 730399 123519 2 2 B 
AR 3 Carnegie-Illinois 730399 123520 2 1 A 
AR 4 Carnegie-Illinois 7303099 123522 3 B 
AR 5 Carnegie-Illinois 73U399 123523 4 2 A 
AR 6 Carnegie-Illinois 73U399 123523 4 2 B 
AR 7 Carnegie-Illinois 73U399 123523 2 
AR Carnegie-Illinois 730399 123524 4 A 
AR 9 Carnegie-Illinois 73U399 123524 4 1 B 
ARX 10 Carnegie-Illinois 73U399 123527 4 1 A 
AT 11 Lukens 16445 A&B 
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Table 2—Chemical Composition and Mechanical Properties of Specimen Steels 


MECHANICAL 
PROPERTIES 


Yield Tens. Elong| 
Point Str. 2" 


LADLE AWALYSIS CHECK ABWALYSIS 
Desig- Heat Deoxi- Thick- Plate 


mation Mfgr. Mo. dation nessiiC Mn P S&S Cu Mi Cr Si Kode i C MnP S Cu M Cr 


AR C. 111] 730399) &.K. | 1" +17} .72 |.018 | .036 2 |.030 |.0%] .02].02/.059 


% |.017|.038 34600/62400/41¢ 


8 19 80 205 34200 161900 


9 §.-21].78 |.017|.03% 33500/61300/41% 


C. TL) 730399) S.K. | 


im 
AT | Lukens] 16445 | Rim | .30].10].07%|-- £3900 166100 206+ 
#38200 | 6% 300 | 2684 
NOTE: Check analyses and mechanical property data for plate codes 2, +, 7, 8 and 9 are * Transverse ; c 
as reported in "Report of Investigation on the Note Noteh-Sensitivity’ Characteristics 
and Other Properties of ABS, Class B, Steel Plpte for Syphesien Test Program ** Longitudinal 
under ate Structure Commit tng. ~ lab. Project 4936-90, Parts 1 and 2, Final Re- 8 
NS 011-084 bev fer st 19535 the Material Laboratory, New Elongation in 8 inches 
pyarc, 
steel. ABS Class B was procured in both of Grade 180 electrode where a number of pared from the steel plate used for some of 
1 in, and */, in, thickness, whereas Class A specimens were prepared with 200° pre- the Baldwin specimens. The results of 
was procured in */, in. thickness. The heat and interpass temperature and, of tests of these specimens showed similar 
plate identification for these steels is given course, in the case of specimens subjected performance, and since startling differ- 
in Table 1, and the mechanical properties to special weld treatments. ences in performance of specimens made 
and typical analyses are shown in Table 2. Two sources of welding [facilities were from two different unwelded plates were 
A complete performance record cover- used, one the Baldwin-Lima-Hamilton also observed, no further attempt to 
ing a temperature range of 70 to —90° F Corp., and the other, the Philadelphia compare the quality of welding of the two 
was obtained for unwelded or prime plate, Naval Shipyard. When it became appar- sources was made. 
whereas most of the comparisons between ent that the performance of supposedly As soon as the difference in performance 
the performance of plates welded with identical specimens made at the two facili- of unwelded plate was established, a re- 
different procedures were conducted at ties did not agree, an attempt was made view of all available steel plate of the heat 
10 and 32° F. to check the possibility of the variations in purchased was made. In general, it was 
The majority of welds were made with welding procedures between the two found that each plate was identified as 
Navy Grade 180 electrodes and with Class sources by having the Philadelphia Naval belonging to a certain slab, ingot and cut. 
6010 electrodes. Because one of the Shipyard make welds on specimens pre- A slab number appeared to identify a 
original objectives of the investigation was 
the determination of the optimum per- 
formance that could be expected from a Table 3—Results of Charpy V-Notch and Navy Tear Tests on Steel AR 
semikilled or rimmed steel plate as a Charpy V 
result of a specific welding procedure, Plate Code Location in Tear lest transition 15 ft-lb transition 
several additional welding procedures were No _ _ plate temperature, ° F temperature, ° F 
tried, These included use of Navy Grade 2 End 90 24 
230 electrode, Unionmelt process with 4 
No. 36 and No. 40 rods, and Aircomatic Center oO 19 
welding process with two grades of weld- Opposite end 70 26 xf 
ing wire, In addition, 400° F preheat and 5 Middle 27 
1150° F thermal stress relief were used on End 28 
both Grade 180 and Class E6010 elee- 7 Unknown ) 25 
trode welded joints. = & 
1. Manual weld: OO-deg double-V, 8 End 90 18 
‘/e-in. root opening, 0 root face, root Center 100 16 
pass made with */»-in, diam electrode, Center* 30 
chipped out to sound metal and welded Opposite end 0 22 
with three passes on each side, using '/¢- 9 end 5 20 
in. diam electrode. A total of seven Center 120 20 
Center* 35 
passes, Opposite end 110 22 


2. Submerged are weld: 0-deg double- 
V, '/ein. root face, 0 root opening, sub- 
merged are welded (using Unionmelt No. 
20 Flux) with two passes of '/,-in. elec- 
trode, one pass for each side. 

Preheat and interpass temperature of 
70° F was used in all cases except in case 


Nore: All results except those marked with an asterisk as reported in “Report of 
Investigation on the Notch-Sensitivity Characteristics and Other Properties of ABS, Class 
B, Steel Plate for Explosion Test Program under Ship Structure Committee—Lab. Project 
4036-90, Parts 1 and 2, Final Report, NS 011-043 and NS 011-084,” Aug. 3, 1953; and 
Part 3 dated Nov. 30, 1953, by the Material Laboratory, New York Naval Shipyard, 


Brooklyn 1, N. Y. 


* Results marked with asterisk obtained by Naval Research Laboratory. 
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specific cut of a specific ingot; thus slab 
No. 123520 is the first cut of ingot No. 2, 
whereas slab No. 123519 is the second cut 
of the same ingot. Similarly, slab No. 
123524 was the first cut of ingot No. 4 
whereas slab No. 123523 was the second 


cut of the same ingot. However, three 
plates, 73 in. by 220 in. in length, were 
rolled from each slab; and since these were 
not identified separately by the mill, 
they were given arbitrary designations of 
A, B and C. 

The available identification of the steel 
plate used is given in Table 1 and is re- 
ferred to hereinafter by the Code designa- 
tion given in this table. 

The steel mill was unable to provide 
any further identification of the plates 
shipped nor was it able to advance any 
theories as to why a difference in their 
performance could be expected 

Complete mechanical tests, including 
Charpy impact and Navy tear tests, were 
originally planned for the identification of 
the heat used. Unfortunately, these 
tests were planned and completed before 
the difference in individual plate perform- 
ance was detected by the Direct Explosion 
Test; and accordingly, a complete test 
record of all the plates tested is not 
available. However, it will be seen from 
Table 3 that Charpy impact tests were 
made on four of the slabs used 


Discussion of Results 


Results of the tests are summarized 
graphically in Figs. 1 through 8 

Figure 1 shows the performance of the 
two sets of specimens of unwelded plate 
made from two different slabs; namely, 
No. 123519 (Code 1) and No. 123523 
(Code 6) of the same heat of 1-in. semi- 
killed steel. Performance of each speci- 
men is shown by a cross indicating a speci- 
men which did not fail and by an O in- 
dicating those which did fail. It becomes 
immediately apparent that whereas per- 
formance of specimens made from slab No. 
123519 (Code 1) remain virtually un- 
changed from room to below —40° F 
temperature, the performance at 32° F of 
specimens made from slab No. 123523 
(Code 6) dropped drastically and nearly 
to the level of performance exhibited by 
slab No. 123519 (Code 1) at —90°. Since 
no tests were made at temperatures inter- 
mediate between — 40° and —90° in case 
of slab No. 123519 (Code 1) steel and 
between 70 and 32° in case of slab No 
123523 (Code 6), the difference of transi 
tion temperature is somewhere between 72 
and 160°. Referring to Table 3, it will be 
seen that the difference in performance of 
these two slabs as determined by Navy 
tear tests is virtually nonexistent. How- 
ever, it must be pointed out that the tear 
tests and Charpy specimens were not 
made from the same plate of their respec- 
tive slabs as were the Direct Explosion 
specimens. In case of slab No, 123519 
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RIMMED STEEL AT PLATE §° THICK 


Figure 2 shows the relative performance 
of three welding procedures —Unionmelt, 


Manual! Grade £6010 and Manual! Grade 
2 PASS UNION MELT 180—on plates A and B of slab No. 
TAROT Te on 160 123519 (Codes 1 and 2, respectively). It 


MINIMUM GRAMS TO FRACTURE 


TEMPERATURE IN °F. 


Figure 4 


(Codes 1 and 2), the Direct Explosion 
Test failed to differentiate between plates 
A (Code 1) and B (Code 2), so that ostensi- 
bly the Charpy and tear tests made on 
plate B could be assumed to apply to plate 
A also. However, in case of slab No. 
124523 (Codes 5, 6 and 7), some evidence 
exists that plate C (Code 7), from which 
the tear and Charpy test specimens were 
taken, is superior to plate B (Code 6), of 
the same slab from which the Explosion 
specimens were taken. This indication 
is based on the fact that the Aircomatic 


specimens prepared from plate C (Code 7) 
did not fracture at 32° F until after a 
charge of 250 g was exceeded, whereas at 
the same temperature the unwelded speci- 
mens prepared from plate B (Code 6) 
fractured at as low a charge as 140 g. 
Since it is hard to conjecture that a speci- 
men welded with an Aircomatic process 
would have performance superior to that 
of an unwelded specimen of the same plate, 
it would appear that some difference in 
the performance of the three plates (Codes 
5, 6 and 7) of this slab can be expected. 


will be observed that at 10° F the Union- 
melt plate indicates a very appreciable 
superiority to plates welded with 180 
electrodes, which in turn, is very much 
better than the plate welded with £6010 
electrode. With the exception of plates 
welded with Grade 180 where some scatter 
was observed, the results are quite con- 
sistent. 

Figure 3 attempts to indicate the effect 
of the slab and plate on the performance of 
specimens welded with Unionmelt, Grade 
180, and Class E6010 electrodes. Only 
the critical points, that is, the points at 
which fracture occurred, are plotted. It 
will be seen that performance of specimens 
made from slab No. 123523 (Codes 5 and 
6) is virtually the same regardless of the 
welding procedure used and is virtually 
identical to the performance of all slabs 
(Codes 1, 2, 5 and 8) when welded with 
Grade E6010 electrode. By comparison, 
slab No. 123524 (Codes 8 and 9) and No. 
123519 (Codes 1 and 2) performed con- 
siderably better when welded with Grade 
180 and Unionmelt. Based on perform- 
ance of individual specimens it would 
appear that, when welded with Grade 180 
electrode, Plate A of slab No. 123519 
(Code 1) performed better than Plate B of 
the same slab (Code 2) and both per- 
formed better than Plate B of the slab No. 
123524 (Code 9). 


STEEL AR PLATES I" THICK 


és SLAB 123523, INGOT 4 GUT 2 3 1 ees 
PLATES A,B,C (CODES 5,6,7) 
— ~ 
400 
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Figure 5 
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Figure 4 shows the performance of a 
plate of */;-in. thick ABS Class A steel 
(Code 11). The performance of the prime 
plate is considerably inferior to the per- 
formance of the best of the two semikilled 
steel plates (Code 1) but surprisingly 
enough is superior to the performance of 
the second semikilled steel plate (Code 6) 
despite the fact that the latter is '/, in. 
thicker. It will be noted that at 10° F 
little difference in the performance of 
welded plate is encountered regardless of 
whether the welding is made by Union- 
melt, Grade 180 electrode, or Class E6010 
electrode. Surprisingly enough, at 70° F 
the performance of Unionmelt weld is 
again superior to that of one made with 
Grade 180 electrode and is very similar to 
the performance of the prime plate. 

Figure 5 shows the summary of all tests 
conducted at 10 and 32° F of specimens 
made from slab No. 123523 (Codes 5, 6 
and 7) with various welding procedures. 
At 10° F the performance is uniformly 
poor with the possible exception of Air- 
comatic (on Code 7 steel) and E6010 elec- 
trodes furnace stress relief annealed at 
1150° F. At 32° F Aircomatic (on Code 
5 steel) is again the best performer, al- 
though improvement over performance of 
10° F is not very great, and virtually no 
improvement is manifested by the other 
welding procedures tried. It is tempting 
to make a conclusion that the quality of 
the plate is so poor that it completely 
overrides the effect of welding. The 
superiority of Aircomatic must be tem- 
pered by the remembrance that the Air- 
comatic specimens were prepared from 
plate C (Code 7) whereas the rest of the 
specimens which compare unfavorably to 
the Aircomatic specimens were made from 
plates A and B (Codes 5 and 6) of the 
same slab. Furthermore, it must be again 
remembered that the performance of 
specimens welded with Aircomatic on plate 
C (Code 7) is superior to the performance 
of plate B (Code 6) in prime condition, a 
fact which is hard to explain except by the 
presence of inherent differences in plates B 
(Code 6) and C (Code 7). 

Figure 6 summarizes data obtained at 
all temperatures on slab No. 123524 
(Codes 8 and 9) when welded with Grade 
180 and E6010 electrodes. On this slab 
a marked improvement in performance of 
Grade 180 is apparent at ail temperatures 
above —40°. Unfortunately, incomplete 
data preclude determination of the exact 
degree of superiority of Grade 180 over 
E6010. 

Figure 7 presents all data obtained with 
Unionmelt on slabs No. 123523 (Code 5) 
and No. 123519 (Code 1). These data 
have already been presented in condensed 
form in Fig. 3, and the main purpose of 
Fig. 7 is to show the lack of scatter of 
these data. 

Figure 8 presents all data taken on 
rimmed steel and summarized in Fig. 4. 
There appears to be considerable scatter 
in performance of plates welded with 
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Grade 180 electrodes and tested at 10° F. 

It is interesting to note that the Stand- 
off Explosion Text reveals essentially 
equivalent performance (except possibly 
at 40° F) between specimens made from 
slab No. 123524 (Codes 8 and 9) and 
welded with E6010 and Grade 180 elec- 
trodes.* Although as pointed out above, 
the exact degree of difference between the 
performance of specimens made with 
those two electrodes on the same slab has 
not been clearly determined, a definite 
superiority of the low-hydrogen electrode 
appears to be indicated by the Direct 
Explosion Test, at least at 32° F, as shown 
in Fig. 6. It can be concluded, therefore, 
that at least in so far as performance of 
those two electrodes is concerned, the 
Direct Explosion Test might be somewhat 
more discriminatory than the Stand-off 
(Explosion Bulge) Test. 

A collateral investigation conducted 
with the aid of the Naval Research Lab- 
oratory determined the extent of surface 
strain and reduction in thickness of speci- 
mens subjected to the Direct Explosion 
Test. Table 4 shows the comparison of 
depth of dish produced by the Direet 
Explosion Tests with the maximum 
surface strain on the back of the specimen 
as measured by the Naval Research Lab- 
oratory. It will be observed that there is 
a reasonably good correlation between 
the two sets of measurements and that 
the maximum dish observed in Direct 
Explosion testing does not exceed 20% 
surface strain on the back side of the plate. 
It is also interesting to note that in case of 
overmatching electrodes the surface strain 
of the heat-affeeted zone is nearly double 
that of the weld, 

In comparing the deformation produced 
by the Direct Explosion and Stand-off 
(Explosion Bulge) Tests, Pellini and 
Eschbacher* (see Appendix A) point out 
that whereas the Stand-off or Bulge Test 
produces a reasonably uniform 
strain over nearly the entire specimen, the 
strain is localized in case of the Direct 
Explosion Test to a comparatively small 
cireular area 2 in. in radius direetly under 
the charge. It is interesting to note that 
in the Direct Explosion Test the maximum 
reduction in thickness in this concentrated 
area of strain is greater (18%) than 
the maximum reduction in thickness of the 
Stand-off Explosion specimens (around 
10%). However, the total area under 
the curve in the reduction of thickness vs. 
distance from the center of the plate graph 
is reasonably the same for both tests. 
Thus, the stress gradient in the direction 
of thickness is much more severe in the 
ease of the Direct Explosion Test, pro- 
ducing a condition of triaxial tension not 
unlike that present in the root of a notch, 
This might explain the reason why the 
Direct Explosion Text appears to be more 
discriminating than the Stand-off Test. 


biaxial 


Conclusions 


The following tentative conclusions ap- 
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Table 4—Comparison of Depth of Dish and Surface Strain* and Reduction of 
Thickness 


Surface Thickness 
Welding T strain reduc- 
Sp. No. condition Charge in. strain, % at weld tion 
AR-O-26(M-5) Prime plate 70 600 3.68 19.3 
-27(M-19) Prime plate 560 3.54 18.8 3 18.8 
AR-21-20(M31) Gr. 180 500 3.36 15.0 8.0 
Electrode 
-27(M38) Gr. 180 520 3.35 15.9 6.0 
Electrode ‘ 
AR-16-20(M51) Gr. E6010 400 3.27 16.0 16.0 
Electrode 
-14(M57) Gr. E6010 360 2.86 12.0 12.0 
Electrode 
* As reported in NRL Memorandum Report 190, ‘Investigation of the Performance of 


Ship Steel Weldments and Prime Plate } 


pear to be justified as a result of this in- 
vestigation: 


1. Performance of unwelded semi- 
killed steel plate, I-in. thick, rolled from 
the same heat of steel appears to vary 
widely, depending on the portion of the 
heat from which the plate was rolled. 

2. Based on the limited investigations 
conducted, the reasons for the wide varia- 
tions found within the same heat of steel 
are not certain, although they appear to 
be associated with a particular cut and 
ingot. 

3. The difference in performance of 
specimens welded with different welding 
procedures appears to be very appreciable 
in case of the better performing plate of a 
specific heat of semikilled steel tested and 
virtually disappears in case of the poorest 
performing plate of that heat. 

4. Performance of welded joints made 
with Unionmelt, Grade 180, and Class 
£6010 electrodes appears to line up in this 
order of performance in case of the better 
performing plate with Unionmelt being 
superior to £6010 by a factor of 4 at 10° F. 

5. The effect of thermal stress relief 
at 1150° F is beneficial to welds made with 
£6010 electrodes on the poor performing 
portion of the heat of semikilled steel 
tested. 

6. The performance of prime rimmed 
steel */,-in. thick is very much inferior to 
that of the */,in. thick semikilled steel 
at all temperatures from 32° F down. 
However, it is comparable to that of the 
poorly performing portion (Code 6) of the 
l-in. thick semikilled steel of the same 
heat. 

7. Performance of all-welded speci- 
mens of rimmed steel, */,-in. thick regard- 
less of welding procedure used, is about the 
same and is similar to that of welded speci- 
mens made of the worst portion of the 1-in. 
thick semikilled steel (Code 6) tested. 

8. The Direct Explosion Test appears 
to be more discriminatory than the Stand- 
off (Explosion Bulge) Test when applied to 
specimens welded with Grade 180 and 
Class £6010 electrodes and prepared from 
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aterial,”” by the } 
Research Laboratory, Washington, D. C ., dated July 1953. 


etallurgy Division, Naval 


the better portion of the heat of the semi- 
killed steel used, though the evidence is 
not too conclusive since the data on which 
it is based are limited. 

9. The stress gradient, particularly in 
direction of thickness produced by the 
Direct Explosion, appears to be much 
steeper than that produced by the Stand- 
off Explosion. 

10. The difference in performance of 
different portions of the heat of the semi- 
killed steel tested, detected by Direct 
Explosion Test, is not generally apparent 
on the basis of either the Charpy impact or 
the Navy tear test conducted. 
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APPENDIX A 


Strain Studies of Direct Exp'osion 
Test Specimens* 


The nature of the strain conditions 
developed in the Explosion Bulge Tests 
has been described in a previous report.* 


* This discussion and associated figures are 
verbatim reproductions of Part II in the report 
“Investigation of the Performance of Ship Stee! 
Weldments and Prime Plate Material,’ NRL 
Memorandum Report 190, by William 8. Pellini 
and Earl W. Secthesher, July 1953. The per- 
mission of the authors for use of this material 
is appreciated. 
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Fig. A-1 Photogrid strain data for 
prime plate direct explosion test speci- 
men M19. Test conditions —560 Gm 
of explosive at 70° F 


SURFACE STRAIN 
SPEC. M-19 


Briefly, a circular area of 1'/, to 2 in. 
radius at the center of the bulge shows 
essentially uniform strain for a prime plate 
bulge of 10% or less thickness reduction 
(approximately a 4-in. deep bulge). This 
signifies that bending is minimized and a 
condition approaching simple — biaxial 
straining is developed in this region; also 
—_ . that the strain developed in a weld located 
at the center of the bulge is not greatly in 
excess of that of the adjacent plate 
material. Unless this condition is ap- 
proached the weld would be tested at 
the disadvantage of being located in a 
position of naturally higher strain level 
than the adjacent plate material. 

The Direct Explosion Test method 
0 utilizes a 4-in. diam. charge placed in 
cur contact with the test plate and therefore 
on produces a condition of concentrated load- 
a ing. Strain grid studies were conducted 

. to determine the nature of strain condi- 
_ tions developed in Direct Explosion Tests, 
The plates were surface ground to provide 


me “DIRECT EXPLOSION SPEC. M-I9 a flat, smooth surface required for photo- 


gridding. Figure B-1 presents a typical 


1/2 1/2 2 22 5 
DISTANCE FROM CENTER OF CUP (INCHES) 


strain grid record obtained by measuring 
»,* the stretch of individual 0.050-in. grid 
squares... Readings were obtained in one 
radial direction only, as indicated on the 
figure. Figure 1-2 illustrates the results 
of the various strain determinations for 
3 prime plates and four weldments (welds 
ground flush); a typical surface strain plot 
for the Explosion Bulge method is pre- 
sented also. Thickness reduction meas- 
urements for specimen M19 (Direct 
Explosion) and P2 (Explosion Bulge) are 
shown at the top of Fig. B-2. Figure B-3 
shows cross sections of M19 and P2, It 


THICKNESS REDUCTION (%) 


EXPLOSION BULGE SPEC. P-2 


PRIME ORIG FINAL is evident from these various figures and 

SPEC = THICK, TEST COND. COND. plots that the Direct Explosion Tests result 

MIT «6924 480 GMS -40°F BROKEN in pronounced deformation gradients and 

mig 924 560 GMS 10°F INTACT bending conditions Within a 3 in, dis- 
1S @ } “6 924 600 GMS 70°F INTACT tance from the center of the Direet Explo- 
180 sion cup the surface strain falls from ap- 


M38 520 GMS INTACT 
B44 400 GMS) TO°F INTACT 
M57 909  360GMS TO°F INTACT and the thickness reduction from approxi- 


mately 18% to nil values. 
Since + Ey = (sum of biaxial 
surface strains (positive) is equal to thick- 


proximately 20% to essentially nil values 


ness strain (negative)) as dictated by 


SURFACE STRAIN (%) 
s 


constaney of volume considerations, it 
should be expected that simple biaxial 
straining should be characterized by a 
thickness reduction equal to the sum of the 
surface strains. Specimen M19 shows 
that the thickness reduction is only half 
the biaxial surface strain total and accord- 
ingly that the inner surface must have 


TYPICAL SURFACE STRAIN GRADIENT EXPLOSION 
BULGE TEST OF 700° SHIP PLATE 


- 3 strained considerably lees than the outer 

DISTANCE FROM CENTER OF BULGE OR CUP surface. In simple terms, pronounced 

bending conditions must have been de- 

Fig. A-2 Comparison of deformation conditions developed in direct explosion and veloped so as to produce high strains on 
explosion bulge tests the outer surfaces and low strains on the 
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Fig. A-3 Cross sections of specimens: direct explosion specimen M19 (top); explosion bulge specimen P2 (bottom) 


inner surface. It is concluded that the 
stress mechanics resulting from Direct 
Explosion loading entail highly localized 
biaxial bending conditions. 

The strain plots for the Direct Explosion 
‘Test weldments show a strain deconcentra- 


tion for the high flow strength (overmatch- 
ing) G180 welds and a strain concentra- 
tion for the lower flow strength (under- 
matching) K6010 weld. It should be 
noted that this effect is obtained only in a 
transweld direction and that strains (but 


not stresses) are equivalent in the weld 
longitudinal direction. Such strain and 
stress conditions should be expected in 
biaxial tension irrespective of the degree 
of bending involved. This subject has 
been discussed in a previous report.’ 


RESEARCH NEWS (Continued from page 96-8) 


Stress Analyzer 


For the first time, a portable stress 
analyzer using the X-ray diffraction 
method is available for field and plant 
operations. Known as the “Andro- 
scope,” it measures the magnitude and 
sense of residual stresses in metals, 
plastics and other materials. It trans- 
fers practical nondestructive residual 
stress measuring from the laboratory 
to the field and plant and is easily 
operated. 

The “Androseope” readily distin- 
guishes between tensile and com- 
pressive stresses. Stresses are recorded 
visually on film in 10 to 20 min. Rapid 
comparator provides quantitative meas- 
urement. Magnitude of stress in PSIs 
is determined from a simple formula 
using the figure from the rapid com- 
parator. “Androseope” is  manu- 
factured and sold by Holger Andreasen, 
Ine., 703 Market St., San Francisco 
3, Calif. 
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STEEL 


The WELDING RESEARCH 
COUNCIL has just issued Bulletin 
No. 20 consisting of three timely 
papers by Charles M. Parker, 
Assistant Vice-President, American 
lron and Steel Institute. The titles 
of these papers are: 
1. High-Strength, Low-Alloy 
Steels 

2. Analytical Chemistry Fos- 
ters Progress in Steel- 
making 

3. Steel Quality 

All three papers are of interest 
to the welding industry and are 
written from a practical view- 
point. Copies of Bulletin No. 20 
may be purchased through the 
American Welding Society at 
$1.00 per copy. 
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FILLER-METAL STRENGTHS 
IN BRAZED COPPER JOINTS 


Study of bull and lap brazed joints 
made with six different filler metals and tested 
al room, elevated and low temperatures 


BY W. H. MUNSE AND D. C. CRAWFORD 


SYNOPSIS. This paper summarizes the 
results of a testing program designed to 
determine the differences in strength of 
brazed copper joints made with various 
filler metals. Specimens fabricated from 
'/-in. electrolytic tough-pitch or deoxi- 
dized high-phosphorus copper, and utiliz- 
ing six representative types of filler metal 
were included in the study. These filler 
metals are classified as BAg-1, BAg-6, 
BAg-8, BCuP-2, BCuP-4 and BCuP-5 
under the present AWS-ASTM tentative 
specification for brazing filler metals. 

The test specimens consisted of two 
types—lap joints and butt joints—and 
furnish data concerning the shearing 
strength and tensile strength of the joints. 
Although the majority of the specimens 
were tested at room temperature, a num- 
ber of the tests were conducted at +400 
and —321° F and demonstrate the effect 
of testing temperature on the strength of 
the joints prepared with the various filler 
metals. 


Introduction 


Brazing, one of the eight major 
welding processes, is defined by the 
AMERICAN WELDING Soctety as, “a 
group of welding processes wherein 
coalescence is produced by heating to 
suitable temperatures above 800° F and 
by using a nonferrous filler metal, hav- 
ing a melting point below that of the 
base metal, The filler metal is dis- 
tributed between the closely fitted sur- 
faces of the joint by capillary attrac- 
tion.’””! 

The joining of metals by brazing may 
be further broken down into eight gen- 
eral processes using a variety of base 
metals and filler metals.? However, this 
paper is concerned with only a very 
small part of the field of brazing: the 
torch brazing of copper with two classes 
of filler metal. This is probably the 
most common method of brazing in so 
far as copper is concerned. 

A number of factors are found to 
effect the strength of a brazed joint and 
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must be taken into consideration if 
sound brazed joints are to be pro- 
duced," * There may, at times, be some 
tendency to overlook some of these 
factors because a brazed lap joint is 
generally prepared with a braze area 


sufficient to provide a joint strength 
greater than that of the base metal. 
However, if a fully sound joint is to be 
made, joint design, cleaning of the joint 
surfaces, fluxes, jigging, selection of 
filler metal, and the method of heating, 
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AWS-ASTM 


designation Cu Ag 
BAg-1 15 45 
BAg-8 28 72 
BAg-6 34 5O 
BCuP-5 15 
BCuP-4 87 6 
BCuP-2 93 


Table 1—Summary of Filler Metal Properties 


Chemical composition, % 


Solidus, 
temp., ° F 
16 24 1125 

1435 

16 1270 
1185 
1185 
1305 


Liquidus, Brazing 
temp., ° F temp. range, ° F 
1145 1145-1400 
1435 1435-1650 
1425 1425-1600 
1500 1300-1500 
1380 1300-1500 
1485 1350-1550 


are extremely important and should be 
given careful consideration.' 


Object and Scope of Investigations 


The principal objective of this study 
was to determine the strength, at various 
temperatures, of brazed joints in tough- 
pitch and deoxidized copper when 
joined with various filler metals. 

It is well known that sound brazed 
joints assembled with a lap of two or 
three times the thickness of the con- 
nected material will develop the full 
strength of the base metal, and that the 
critical section of a structure using 
such a joint will seldom be in the joint 
itself. However, it may not be neces- 
sary to maintain this large lap to obtain 
failure in the base metal. To study 
this question, further information is 
needed concerning the ultimate shearing 
strength of a brazed lap joint in copper. 
An attempt has been made, in these 
tests, to obtain this information. How- 
ever, to do this it has been necessary to 
design a joint of such dimensions that 
failure would always occur in or near 
the joint, 

The investigation has been limited to 
studies on two types of base metal, using 
two classes of filler metal: copper- 
phosphorus and silver.‘ After a suitable 
brazing procedure and specimen type 
had been developed, tensile tests were 
conducted on single- and double-lap 
joints both with and without fillets, and 
on butt-type joints. In addition to 
these tensile tests, metallurgical studies 
were made of the various specimens 
after failure, 

Although most of the tests of this in- 
vestigation were conducted at room 
temperature, a number of tests were 
also made at temperatures of +400 and 
—321° F. These tests were conducted 
to obtain the general relationship of the 
strength of the joints at high and low 
temperature to the properties of these 
same joints at room temperature. 


Description of Tests 
Description of Materials 


The copper for the specimens of this 
study was certified to conform to ASTM 
Designations B-152, and reported to 
have the following physical and chemi- 
cal properties: 

Tough-pitch copper 

Copper content, % 

Tensile strength, psi.........., 31,500 

Elongation in 2 in., %......... .. 60 


Deoxidized high-phosphorus copper 


Copper content, %. 99 942 
Tensile strength, psi... 31,600 
Elongation in 2 in., %.... 45 
Phosphorus content, 0.029 


These materials appeared to be of uni- 
form structure, typical of good mill 
practice. However, the deoxidized 
copper had a grain size of approximately 
0.400 mm in diameter, while the tough- 
pitch copper had the grain size of ap- 
proximately 0.040 mm in diameter. 
Thus, the deoxidized copper had a much 
larger grain size than did the tough- 
pitch copper. 

The brazing materials (BAg-1, BAg-6, 
BAg-8, BCuP-2, BCuP-4 and BCuP-5) 
were selected as being representative of 
those which would be suitable for the 
brazing of tough-pitch and deoxidized 
copper. These filler metals, obtained 
from three different suppliers, were in 
the form of '/,-in. diam wire. A sum- 
mary of the properties of the filler metals 
as provided in the AWS-ASTM tenta- 
tive specification’ is given in Table 1. 

The copper-phosphorus (BCuP) filler 
metals are used primarily for the joining 
of copper and copper alloys and have 
self-fluxing properties when used with 
these materials. Although the range of 
brazing temperature for the three cop- 
per-phosphorus filler metals extends 
from 1300 to 1550° F, it is recom- 
mended that these materials be used 


Fig. 2. Brazing of lap joint specimens 
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with the lowest temperature which will 
produce a sound joint. 

The silver filler metals (BAg classifica- 
tion) are also suitable for joining copper 
as well as other nonferrous and ferrous 
metals. For the three silver filler metals 
selected in this study the brazing tem- 
perature is found to range from 1145 to 
1650° F, Joints brazed with these ma- 
terials generally require the use of a flux. 


Description of Specimens 

Several groups of preliminary tests 
were conducted to provide a basis for 
the selection of the type of test speci- 
men, In these tests, the length of lap 
necessary to insure failure in the joint 
was determined as well as the details of 
the brazing procedure necessary to pro- 
duce sound joints, 

On the basis of the results of the 
various preliminary studies, it was con- 
cluded that: 

1. In order to obtain failure at the 
joint of a lap joint specimen in '/,-in. 
copper, it is necessary that the lap be 
no greater than 0.15 in. 

2. A nearly direct shear loading can 
be obtained in a test of a symmetrical 
specimen, such as was used by Peaslee 
and Boam.’ However, it was found to 
be difficult to obtain consistent results 
with this type of specimen. 

3. The procedures developed for this 


Fig. 3 Test assembly 
for high- and low- 
temperature tests 
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study will proviae sound brazed joints 
in both the lap- and butt-type connec- 
tions. However, extreme care must be 
exercised in the clamping and jigging of 
the specimens, 

Based on these studies, specimens of 
the type shown in Fig. 1 were selected 
for the program. Strips approximately 
in, wide, 5*/, in. long and '/, in. thick 
were prepared for joining as test speci- 
mens. After the specimens had been 
brazed, the joints were reduced to the 
1/--in. section shown in the upper part of 
Fig. 1. For the specimens to be tested 
without fillets, the laps were next ma- 
chined to 0.15 in. by cutting off the ends 
of the strips at the joints. The fillets 
were removed in this process, In the 
case of the butt joints, the excess filler 
metal was removed from the faces and 
edges of the joint. The last step in the 
fabrication procedure was the brazing 
of the two joints to form the double 
specimens of Series 1 and 2. 


Brazing Procedure 

Copper is a material which is readily 
brazed. However, the procedure must 
be carefully controlled if sound joints 
are to be obtained. The material must 
be clean, the clearances carefully con- 
trolled, and the positioning or jigging of 
the materials carefully planned. 

To remove the oxides at the areas to 
be joined, the surfaces were lightly filed 
and then polished with a 2/0 emery 
cloth. After the strips were wiped clean 
with carbon-tetrachloride they were 
brazed, 

In filing and polishing the surfaces of 
the material for the lap joints, the speci- 
mens were oriented so that the scratches 
would be parallel to the axis of the joint. 
This permits the filler metal to flow 
freely through the entire length of the 
lap. Funk and Udin* have pointed out 
that the flow of the filler metal will be 
impeded by capillary dams if the clear- 
ance is not uniform in the direction of 
flow. 

After the appropriate flux had been 
applied to the areas to be joined, the 
copper strips were placed in the brazing 
jig shown in Fig. 2. The strips were 
then clamped into position with a lap 
of 0.15 in. and a clearance of 0.003 in. 
It should be noted, however, that al- 
though a gap of 0.003 in. was set be- 
tween the copper strips, the distortions 
which occur in the material as it is 
heated may change this clearance some- 
what. 

For the butt joints, only one strip 
was clamped in the brazing jig. The 
other strip was butted up to and in line 
with the clamped strip. This was found 
to be necessary because of the expansion 
which takes place in the copper during 
the heating of the specimen, and the dif- 
ficulty of presetting a gap to give a 
joint of 0.002 to 0.003 in. thickness. 
The procedure of butting the two strips 
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and allowing them to force one another 
apart as they were heated, was found to 
produce very consistent and sound 
joints. 

The brazing procedures were funda- 
mentally the same for both the lap and 
butt joints. A medium light-weight 
torch with five-hole (68-drill) dual tips 
was used for the brazing (see Fig. 2). 
By means of a 2-stage regulator, con- 
stant oxygen and acetylene pressures 
were used throughout the brazing opera- 
tions. These pressures were 20 psi and 
2.5 psi, respectively, 

By using a neutral flame with the 
dual-tip torch and starting the heating 
of the specimens approximately 2 in. on 


Fig. 4 Apparatus for tests at 4+-400° F 
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Fig. 5 Typical time-temperature curve for a specimen tested at 4+-400° F 


either side of the joints, it was possible 
to work the heat uniformly into the 
joint area, and face-feed the filler metal 
to produce sound brazed joints. The 
uniform heating of the material in the 
vicinity of the joint is thought to be an 
important factor in obtaining sound 
brazed joints, 


Description of Tests 


The tests of the joints were conducted 
at room temperature, +400 and —321° 
F, Those at room temperature were 
tested in a 120,000-lb hydraulic testing 


machine in a manner similar to that 


used for standard tension tests. For 
the tests of the double specimens of 


CONDUCTED, 


a5 60 15 90 
IN MINUTES 


107-8 


3 

— 

= 

| 

| 

| 

1 | 

: | 

| ‘ 

ie 


Series 1 and 2, a '/;-in. spacer bar was 
placed between the outer strips at the 
end of the specimen so that the specimen 
could be gripped tightly in the testing 
machine, For the tests of the single-lap 
joint specimens, the jaws at either end 
of the testing machine were offset '/, in. 
in opposite directions. These offsets 


placed the load line in the tests directly 
through the joint. The butt joints of 
Series 5, since the specimens were in a 
single plane, could be tested as a 
standard tension specimen. 

To study the effect of high tempera- 
ture on the strength of the joints, a 
short series of deoxidized copper speci- 


x9 


ag 


x 50 


Fig. 7 Sections of fractured brazed butt joints in tough-pitch copper (reduced by 


25% in reproduction). 
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(a) BAg-1, filler metal. 


(b) BCuP-4, filler metal 
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mens without fillets were prepared with 
BAg-1, BCuP-2 and BCuP-5 filler metals 
and tested at a temperature of +-400° F. 

Special pullheads were used for the 
tests conducted at +400° F. After the 
specimens had been placed in the pull- 
head assembly shown in Fig. 3, the en- 
tire assembly was placed inside an elec- 
trie furnace (see Fig. 4). 

A continuous record of the tempera- 
ture was recorded during each test. A 
sample record is shown in Fig. 5. Ap- 
proximately 80 min was required to 
reach the testing temperature; the 
specimen was then loaded to failure 
within a period of a few minutes. 

The tests at —321° F were con- 
ducted in a manner somewhat similar to 
that used for the specimens tested at 
+400° F. The specimens were placed 
in the specimen pullheads shown in Fig. 
3, and then the entire assembly placed 
in the large insulated tank shown in 
Fig. 6. 

To obtain the desired temperature, 
liquid nitrogen was forced into the open 
insulated container until the liquid nitro- 
gen completely covered the test as- 
sembly. After the level of the liquid 
nitrogen had been maintained at the top 
of the container for 10 to 15 min, and 
specimen had been lowered to a tem- 
perature of —321° F, the joint was 
loaded to failure. 

Upon completion of the tensile tests, 
metallurgical specimens were cut from a 
number of the fractured joints. These 
sections, cut transverse to the joint and 
about midway between the edges of the 
specimen, were mounted, etched and 
polished for microscopic examination. 


Results of Tests 


The results of the room temperature 
tests of the lap joints and butt joints are 
summarized in Tables 2 and 3. In gen- 
eral, the load-deformation characteris- 
tics and the ultimate strengths obtained 
from duplicate tests of each type of joint 
were quite consistent. 

Over-all averages of the strengths ob- 
tained for the 5 types of joints are as 
follows: 


Double lap joints without fillets, 


18,200 
wore lap joints with fillets, 
23 , 300 
Single ‘lap joints without fillets, 
18,600 
Single lap joints with fillets, psi 23, 100 
Butt joints, psi... ... 26 500 


The results of the tests at +400 and 
—321° F are presented in Table 4. It 
may be seen that the deoxidized copper 
joints prepared with three of the filler 
metals had tensile strengths of about 
10,000 to 11,000 psi when tested at 
+400° F. This is a reduction in 
strength of approximately 44% from 
the room temperature strength of the 
same type joint. Tension coupons of 
the same base material, when tested at 
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Fig. 6 Apparatus for tests at —321° F 
x9 (a) x 50 


Table 2—Ultimate Strengths of Lap Joints 
(Strength, in Psi) 


Filler ———Deoridized copper . Electrolytic copper 
metal Without fillets Vith fillets Without fillets Wy ith fillets 
Double lap joints 
BAg-1 17,010 22,540 17,960 24,120 
BAg-8 18,790 22,030 17,720 21,370 
BAg-6 17,150 23 , 560 19,000 28 ,040 
BCuP-5 19,030 22,430 17,610 19, 490 
BCuP-4 18,020 25 ,050 19,080 25,900 
BCuP-2 18,600 25 , 550 18,970 19,320 
Single lap joints 
BAg-1 19,040 23, 160 18,060 27 , 530 
BAg-8 17,620 23,060 19,750 22,440 
BAg-6 17,610 24,180 18,750 23,890 
BCuP-5 17,900 19,790 18,330 23,870 
BCuP-4 19,150 24,430 18,000 23 , 690 
BCuP-2 18,640 20,900 20,040 20, 480 


Nore: The strengths reported represent the average obtained from tests of duplicate 


specimens, 


Table 3—Ultimate Strengths of Butt 
Joints (Strengths in Psi) 


Filler Deoxidized Electrolytic 


metal copper copper 
BAg-1 27, 100 21,300 
BAg-8 25; 400 21,800 
BAg-6 30 , 400 27,700 
BCuP-5 27 , 300 25,500 
BCuP-4 27 ,500 28, 100 
BCuP-2 31,200 24,900 


Nore: The strengths reported ns 
the average obtained from tests of dupli- 
cate specimens. 


+400° F, were found to be only 24% 
weaker than at room temperature.’ 
Thus, the elevated testing temperature 
had a greater effect on the strength of 
the brazed joints than it did on the 
strength of the copper itself. 


Table 4—Ultimate Strengths of single- 
Lap Joints of Deoxidized Copper at 
Low and High Temperatures (Strengths 


in Psi) 
Strength in Strength in 
Filler psi, at psi at 
metal +400° F —3$21° F 
BAg-! 9,700 30, 100 
BAg-8 24,700 
BAg-6 28,000 
BCuP-5 10,850 21,900 
BCuP-4 21,400 
BCuP-2 10,700 17,900 


Nore: The average strengths reported 
represent the average from four tests. 


Brazed joints in deoxidized copper and 
with all six filler metals were also tested 
at —321° F. The average strengths of 
these joints ranged from 30,100 psi for 
the joints with BAg-1 filler metal to 
17,900 psi for the joints prepared with 
BCuP-2. These values are 158 and 
97%, respectively, of the room tem- 
perature strengths. Therefore, it ap- 
pears that the effect of the low tem- 
perature on the strength of the joints 
prepared in deoxidized copper varies 
considerably from one filler metal to the 
next. And, since the base metal 


Fepsrvuary 1955 


strength at —321° F is about 52,000 
psi,” none of the joints tested had 
strengths which were, comparable to the 
strength of the copper itself at —321° F. 
except the joints prepared with BAg-1. 


Metallurgical Studies 


All of the joints showed evidence of 
good bonding and a narrow zone of in- 
terdiffusion at the filler metal-base 
metal interface. The only evidence of 
any structural change in the base metal 
as a result of the joining operation ap- 
peared in the butt joints of deoxidized 
copper. Here a thin layer of fine grains 
formed adjacent to the joints, This was 
apparently a result of recrystallization 
during the heating of the surface which 


had been cold worked during the prepa- 
ration of the specimens. It is doubtful, 
however, that this would influence 
greatly the mechanical properties of the 
joints 

Examination of the fractures indi- 
cates that the butt joints generally failed 
at the interface between the filler metal 
and the buse metal (see Figs. 7 and 8), 
However, the joints in tough-piteh 
copper prepared with the silver braging 
alloys failed in the base metal very near 
the joint interface. One of the tough- 
piteh copper specimens brazed with the 
BAg-1 filler metal exhibited considerable 
distortion and a shear failure plane 
running diagonally through the joint 
and the base metal (see Fig. 7a), All of 
the other fractures in the tough-pitch 
copper were on a plane parallel to the 
joint interface 

Only one of the butt joints in deoxi- 
dized copper failed in the base metal, 
This failure was parallel to the joint 
interface and occurred only after con- 
siderable necking had taken place in the 
joint. 

In the case of the lap joints, the fail- 
ures occurred at the interface or in the 
base materials for both types of copper 
(see Figs. 9and 10). The failures in the 
base metal were generally located near 
the joint interface and accompanied by 
heavy localized deformations, It was 
noted also that the deformation in those 
joints which were prepared with the 
silver base alloy extended through a 
larger volume of the base metal than in 
the joints of the other filler metals. 


x9 (b) 
Fig. 8 Sections of fractured brazed butt joints in deoxidized copper (reduced by 
25% in reproduction). (a) BAg-6, filler metal. (b) BCuP-2, filler metal 
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Discussion of Test Results 


The strengths of the deoxidized and 
tough-pitch copper was found to be very 
nearly the same for double- and single- 
lap joints. However, since all of the 
joints failed in the base metal near the 
joint interface, these ultimate strengths 
are for the copper; the strengths of the 
filler metals are all greater than those 
of the base metals. 

The copper adjacent to the filler 
metal, based on the results of these 
tests, had a strength approximately 60% 
as great as the tensile strength of the 
base material, Although this strength 
may approximate the shearing strength 
of the copper, it must be remembered 
that the bending in the joints produces a 
small tensile component also. Thus, 
the strength of the joints is for a com- 
bination of shear and tension on the 
copper and may be slightly higher than 
the shearing strength alone. 

The butt joints in the deoxidized 
copper were generally stronger than 
those in the tough-pitch copper—the 
joints in the deoxidized copper failed 
at the interface while the joints in the 
tough-pitch copper failed in the base 
metal very near the joint interface. In 
neither case, however, does the strength 
represent the ultimate strength of the 
filler metal, but rather an indication of 
the bonding of the filler metal to the 
deoxidized copper and the strength of 
the tough-piteh copper when brazed 
with the various filler metals. 

The brazing did not seem to effect the 
strength of the lap joints, but did pro- 
duce differences in the manner of frac- 
ture. In a visual inspection of the frac- 
tures, it appears that the deoxidized 
copper joints failed in the filler metal 
while the joints in the tough-pitch cop- 
per failed in the base metal. However, 
in the microscopic examination it was 
found that the lap joints in both ma- 
terials failed in the base metal, Frac- 
tures in the deoxidized copper were very 
near the joint interface, while those in 
the tough-pitch copper extended some- 
what further into the base metal. 

In the planning of the tests, it was 
thought that the eccentricity in the 
single-lap joint might affect a reduction 
in the strength of the joints, However, 
since the strengths obtained for the 
double and single joints were very 
nearly the same, it appears that the 
eccentricity in the joints had little or 
no effect upon the ultimate strength of 
the joints, 

The fillet, however, had a considerable 
effect on the strength of the joints. 
This effect varied with the filler metal, 
but generally amounted to an increase 
of 20 to 30% in the ultimate strength. 
The increase, it must be remembered, is 
only for the specimens tested in this 
study and with a lap of approximately 
0.150 in. The effect of the fillet upon 
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x9 (b) 
Fig. 9 Sections of fractured brazed lap joints in tough-pitch copper (reduced by 


25% in reproduction). 


another joint having a greater or lesser 
lap would be different depending on the 
length of the lap. 


Conclusions 


From this limited study, it ean be con- 
cluded that the filler metals investigated 
have strengths which are greater than 
that of the electrolytic tough-pitch or 
deoxidized copper, and that the brazing 
appears to reduce somewhat the strength 
of the base metal. However, even after 
brazing, the shearing strength of the 
base metal in a lap joint is approximately 
60% as great as the tensile strength of 
the material, and the tensile strength of 
the material in a butt joint is about 90% 
as great as that of the original base 
metal. 

To protect against a shearing failure 
in a lap joint, a lap of only 1'/, times the 
thickness of the material is necessary 
for a sound joint with fillets. If the 
fillets are removed, a lap of 1*/; times 
the thickness of the material, would be 
sufficient to develop the strength of the 
base metal. These lap lengths, how- 
ever, apply only to a well-prepared and 
sound-brazed joint. 
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(a) BAg-1, filler metal. (b) BCuP-4, filler metal 


At a temperature of +400° F, brazed 
joints in copper may be expected to de- 
velop a shearing strength of approxi- 
mately 10,000 psi in a sound joint. 
This strength is only 56% as great as 
the room-temperature strength, and, in 
addition, applies only to a short time 
loading—not to a long sustained load- 
ing in which creep might be an impor- 
tant factor. 

At a temperature of —321° F, the 
strength of brazed joints in the deoxi- 
dized copper varied greatly with the 
various filler metals. However, the sil- 
ver filler metals generally provided the 
greatest strength at this low temperature. 
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DISCUSSION BY KARL M. WEIGERT 


In their presentation of tensile and shear strength in 
brazed copper joints the authors have shown that the 
fracture occurs in all cases in the parent metal and not 
in the brazed joint. This can be readily explained by 
the fact that the strength of most brazing alloys is 
considerably higher in the cast state than that of 
annealed copper stock. 

The brazing operation was performed by a gas 
torch without data given on the exact temperature and 
time which influences not only the formation of the 
joint itself but also weakens the adjacent areas which 
consequently fail in the mechanical testing 

If the authors would conduct some additional ex- 
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periments of heating unbrazed copper bars for various 
times and temperatures, both air-cooled and quenched, 
they most likely would find variations in tensile strength 
similar to the ones reported. In other words, the 
brazed joint did not enter the picture of the fracture 
mechanism. By prolonged heating at temperatures 
high enough to cause diffusion and alloying of the braz- 
ing alloy with the parent metal (copper) a fracture 
in the brazed joint might occur at somewhat higher 
values. It would be of practical value to develop such 
a technique. 
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CONTINUOUS-COOLING TTT CURVES OF 
HIGH-TENSILE WELDABLE STEELS 


BY F. NEHL AND A. ROSE 


Continuous-cooling time-temperature-transformation 
curves have been useful in developing high-tensile 
steels in light and heavy sections for high-pressure 
boilers and chemical apparatus. An essential require- 
ment of steel for this service is high yield strength 
at elevated temperatures, such as 650° F. Steels con- 
taining 1% copper have the desired high-temperature 
strength and must contain some nickel to avoid red 
shortness. The TTT curves of a copper-nickel steel 
are shown in Fig. 1. The curves show that the heat- 
affected zone of a weld in 3'/,-in. plate contains no mar- 
tensite or intermediate structure and would not have 
high strength. 

Abstract of “Anwendung ‘vou 
auf besondere Fragen bei der Herstellung geschweiaster 


Bauteile,”’ published in Stahl u. Eisen, 74, 1054-1062 (Aug. 12, 1954) 
(Abstracted by Dr. G. E. Claussen.) 
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Fig. | Continuous-cooling TTT curves for a copper-nickel 
steel including cooling curves for different welds and dif- 
ferent heat treatments 


The TTT curves are based on austenitizing by heating to 870° C in 3 min 
and holding at that temperature for 8 min. 

A = austenite region; F = region in which ferrite forms; P = region in 
which pearlite forms; In = region in which intermediate structures form; 
ry = region in which martensite forms; O = hardness valves in Rockwell 

and B. 

Small numerals are percentages of structural constituent. The cooling 
curve for '/s-in. plate was derived from thermocouple surveys by Nippes 
and Sovage. The cooling curve for 3'/,-in. plate was derived from 
thermocouple surveys of the heat-affected zone of a single-electrode 
submerged-arc weld in 3'/,-in. plate. The thermocouple was '/, in. from 
the fusion line at about mid-thickness. Cooling curve 1 applies to the air 
cooling of a |-in. round from normalizing temperature. Cooling curve O 
applies to the air cooling of a drum 2'/, in. thick from normalizing tem- 
perature. Cooling curve OO applies to the furnace cooling of a drum 
2°/, in. thick from normalizing temperature. 
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Fig. 2 Continuous-cooling TTT curves for a copper-nickel- 
molybdenum steel. The regions and cooling curves have 
the same significance as in Fig. | 


The strength of the copper-nickel steel can be raised 
considerably without increasing the tendency to weld 
cracking by adding 0.10% molybdenum and smal! quan- 
tities of carbide-forming elements. The TTT curve of 
such a steel is shown in Fig. 2. It is surprising that the 
region of intermediate structures extends to unusually 
slow cooling rates. The critical cooling rates in Figs. |! 
and 2 are not too different. There is a great difference 
in the extent of the zone of intermediate bainite struc- 
tures. In cooling from 800 to 500° C in 1000 sec the 
steel in Fig. 1 contains only 2% bainite, whereas the 
steel in Fig. 2 contains 70%. Raising the austenitizing 
temperature to 1050° C for the steel in Fig. 2 displaced 
the curves to the right, but did not alter the wide ex- 
tent of the bainite region. 

The curves in Fig. 2 show that the Cu-Ni-Mo steel 
will not be sensitive to underbead cracking, because at 
high cooling rates it transforms predominantly to bain- 
ite, not martensite. At low cooling rates, as in welding 
thick plates or during normalizing, the steel again trans- 
forms predominantly to bainite instead of to low- 
strength ferrite and pearlite. The yield strength of a 
steel containing 0.21 C, 1.34 Mn, 0.51 Si, 0.23 Cr, 
1.10 Cu, 0.34 Mo and 0.98 Ni was 77,000 psi at 68° F 
and 72,500 psi at 660° F. The tensile strength was 
100,000 psi at these temperatures. These properties 
were developed by normalizing (cooling rate 18° F 
per minute) followed by stabilizing for 5 hr at 1100° F, 
followed by air cooling. 
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“Don't scrap it... braze-weld it” paid off handsomely when this inner ram was twice repaired 


Braze welds twice save press part from scrap heap 


This is the inner ram of a 500-ton 
press for shaping automobile fen- 
ders, quarter panels, floors, etc. It 
weighs 10 tons. 

Twice it cracked, in different 
places. And twice braze-welding re- 
paired it. It would have cost thou- 
sands of dollars to replace this part. 

Punch Press Repair Corp., 1975 
Hilton Road, Ferndale 20, Michi- 
gan, did both jobs. Each time they 
used Tobin Bronze*-481 Welding 
Rods. They say, “Welding with 
Tobin Bronze saves us time. It’s eco- 
nomical and dependable, too. Braze 


welds need less preheating . . . high 
stresses don't build up. Tobin Bronze 
flows freely, ‘tins’ quickly, gives 
strong, sound bonds.” 

Tobin Bronze-481 Welding Rod 
is widely used for repair welding of 
cylinders and other locomotive parts 

. automobile engine blocks. . . 
cast-iron pipe ead machinery parts 
and other equipment. 

ANaconnA Welding Rods for many 
types of repair and production jobs 
are available from distributors 
throughout the United States. The 


bury 20, Connecticut. In Canada: 


Anaconda American Brass Ltd., 
New Toronto, Ont. 
*heg, U. 8. Pat, Of 


ANACONDA® 
welding rods 


AnacondA Copper-372 ¢ Tobin Bronze- 
481 «© AnacondA-997 (Low Fuming) 
Bronze Nickel Silver-828 Cupro Nickel- 
826 Everdur-1010¢ Ambraloy-928 ¢ Phos- 
phor Bronze-351 ¢ Phosphor Bronze-35A 


American Brass Company, 
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Get Airco Inert-Gas Welding into your Production Picture! 


Lower costs through quality and speed .. . that’s 
Airco’s answer to your production problem — even 
when the materials include aluminum, bronze, cop- 
per, nickel, stainless steel . . . all engineering metals. 

The Aircomatic welding unit, for example, was 
researched and designed by Airco to produce top- 
quality welds . . . especially in “problem” metals and 
alloys without flux . . . with minimum plate edge 
preparation and little or no preheat. In performance, 
Airco’s Heliwelding is similar — though engineered 
for high-speed welding of thin sections of metals — 
any metals. 


Air REDUCTION 


60 East 42nd Street e New York 17, N. Y. 


And with the newest Airco addition to inert-gas- 
shielded welding, Aircospot, you can weld from one 
side of the joint — eliminating jigs and backup plates. 
Aircospot is the perfect primary tool for fabrication 
and no finer cost-saving tool for tack welding has 
ever been devised. 

You'll want to learn more about how Air Reduc- 
tion’s inert-gas-shielded arc welding processes can 
serve you. Contact your nearby Airco Representative, 
Authorized Airco Dealer — or write Airco direct. 


Divisions of Air Reduction Company, 
Incorporated, with offices and 
dealers in most principal cities 

Air Reduction Sales Company 

Air Reduction Pacific Company 
Represented internationally by 

Airco Company International 

Foreign Subsidiaries 

Air Reduction Canada Limited, 

Cuban Air Products Corporation 


Products of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding and cutting equipment, and acetylenic 
chemicals @ PURECO — carbon dioxide, liquid-solid (“DRY-ICE”) @ OHIO — medical gases and hospital equipment @ NATIONAL CARBIDE pipeline 
acetylene and calcium carbide @ COLTON — polyviny! acetates, alcohols and other synthetic resins. 
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